
UNCLASSIFIED

AD NUMBER

AD820760

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; MAY 1967. Other requests shall
be referred to Naval Air Systems Command,
Washington, DC 20360.

AUTHORITY

USNASC notice, 23 Dec 1970

THIS PAGE IS UNCLASSIFIED



HSER 4348
VOLUME A-4-4

ENGINEERING REPORT

SHROUDED PROPELLER

TEST PROGRAM

DATA

CONTRACT FOO4-o7o,-d
MAY ,1967

Hamilton U-1
Standard A::,"



HSER 4348VOL U ME,-T,

*ENGINEERING REPORT

SHROUDED PROPELLER
TEST PROGRAM

DATA

PREPARED BY: UNITED AIRCRAFT RESEARCH LABORATORIES

A PPROVED BY_
C. ROHRBACH - HEAD OF AERODYNAMICS

&HYDFPODYNAMiCS

W. FORTMANN -CHIEF OF TECHNICAL STAFFP

A., 0. CROXALL . -FEP PROJECT ENGINEER

THE WORK COVERED BY THIS REPORT WAS CARRIED OUT FOR HAMILTON STANDARD BY
THE UNITED AIRCRAFT CORPORATION RESEARCH LABORATORIES

CONTRACT NO.64-0707-d C 197

MAY ,1967 
OCT 5

Tnhs docuinent is subject to special export controls and eaoh
tran-smittal to foreign governmets or fo eig natonals may be
made only with prior approval of s es

VJ-W- o /Ham ilton UCO1
,, ) O~oStandardo A, .L4.'4r*AO ~ 3~ OIIS 0 .NI(Oa.~,rCR0A~.



United Aircraft Research Laboratories
U

UNITED AIRC""F CORPORATIN

A
EAST HARTFORD, CONNECTICUT

Report E330590-1

Wind Tunnel Tests

of Shrouded Propellers

REPORTED BY__________

A. W. Siinmonds

APPROVED BY

Supervisor, Low Speed
Wind Tunnels

DATE 3/20/6T'

NO. OF PAGES _31 Volume COPY NO.



F

Repoit E330590-1

Wind Tunnel Tests of

Shrouded Propellers

TABLE OF COTEITS

Page

INDEX TO COITENTS OF VOLUMES ......... ....................... iii

SUMMARY ........ ...... ................................. .1

INTRODUCTION ........ ...... .............................. 2

) 'TEST FACILITY, PROPELLER DYNAMOMETER AND TEST MODELS

Wind Tunnel Facility ......... .......................... 2

Propeller Dynamometer and Shroud Balance ....... .............. 2

Propeller Dynamometer and Shroud Installation ..... ............ 3

Test Models ......... .... ............................. 4

TEST PROCEDURES

Initial Testing ...... ...... ........................ 6

Performance Testing ......... .. ......................... 7

Pressure Testing ......... .. ........................... 7

STATEME..T OF ACCURACY ........ .... .......................... 8

DATA REUTCTION AND PRESENTATION ......... ..................... 9

( REFERENCES ........ .. ...............................

LIST OF DATA SYMBOLS .......... ........................... . 12



E330590-1

TABLE OF CONTENTS
Contd.)

Lage

APPENDICES - YISD SMOUDED PROPELLER TEST

I - Model Dimensional Data ....... ..................... ... 18

II - Pressure Sensing Instrumentation and

Traversing Probe Calibration ... .. ................ . . 28

III - Tunnel Blockage Calibrations ........ .................. 38

IV - Propeller Hub Skin Friction Tare ........ ................ 42

V - Side Arm and "A" Frame Tare and Interference Effects ... ...... 44

VI - Data Reduction Equations . .................. 51

VII - Balance Load Cell Slopes ..... .. .................... ... 56

O T2BLE S - HSD SHROUDED PROPELLER TEST

I - Component Designation Synbols .... .... ................. 58

II - Test Schedule .... ..... ......................... ... 61

III - Wind Tunnel Run Log .... .... ...................... .. 65

IV - List of Figures .... ...... ........................ 100

V - Performance Data ......... ........................ o. II

VI - Phase I - 18-Ft Test Section Shroud 
Inlet

Velocities (for Performance Runs) .... ............ .. Vol. ii

VII - Phase I - 8-Ft Test Section Pressure Data, (Inlet
Velocities end Exit Pressures for Performance Runs) ......... Vol. Ill

VIII - Phase I - 18- and 8-Ft Test Section Traversing Probe Data . Vol. III

IX - Phase I - 18- and 8-Ft Test Sections Pressure Data
(Inlet Velocities, Exit Pressures and Shroud SurfaceC Piessures for Pre ,sure Runs) ..... ... .................. Vol. Ii!



E330590-1

3 INDEX TO CONTENTS OF VOLUMES

Volume Contents Figures

I
Text of Repo-t

Appendices

Tables I through IV

Photographs and Sketches 1-16

Performance Data Figures

Data Repeatability 17-26

Basic Shroud Characteristics 27-46

Shroud Contour Effects 47-102

Propeller Location and Chord Effects 103-130

Inlet and Exit Vane Effects 131-157

Blade Geometry Effects 158-199

Blade Tip Clearance Effects 200-227

II Table V: Performance Data

Table VI: Phase I - 18-Ft Test Section

Shroud Inlet Velocities (for
Performance Runs)

III Table VII: Phase I - 8-Ft Test Section Pressure
Data (Inlet Velocities and Exit

Pressure Data for Performance Runs)

C)
iii



E330590-1

0INDEX TO CONTENTS Of VOUMS
(Contd.)

Volume Contents Figure s

III (contd.) Table VIII: Phase I - 18- and 8-Ft Test
Section Traversing Probe Data

Table IX: Phase I 18- and 8-Ft Test
Section Pressure Data (Inlet

Velocities, Exit Pressures for
Pressure Runs and Shroud
Surface Pressures)

C)1

0



0u

Report E330590-1

Wind Tunnel Tests of

Shrouded Propellers

SUMMARY

Wind tunnel tests of a shrouded propeller model were conducted for the

Hamilton Standard Division of the United Aircraft Corporation in the 18- and

8-ft test sections of the UARL Large Subsonic Wind Tunnel during December 1965
and May 1966. The test model comprised a shroud-propeller assembly which was
attached to a propeller dynamometer through strain-gage balances. The balances
provided shroud chord force. shroud normal force, propeller thrust and propellerO torque data. Various pressure measurements were also obtained including shroud
inlet pitot-static pressures, shroud exit total pressures, shroud surface pressure
distributions, non-steady shroud surface pressures and velocity-angularity radial
traverse probe data. These data were obtained for propellers with varying blede
planform, number of blades and blade-shroud tip clearance. Attendant shroud
variables included lip contour, length, axial position, exit area and inlet-
exit guide vanes. Test data for these model configurations were obtained through
ranges of blade rotational speed at various blade pitch angles and at tunnel Mach
numbers from 0.02 to 0.60.

A complete transcript of test data and descriptive information pertinent

to the test models, equipment and techniques were transmitted to Hamilton per-
sonnel shortly after the test was completed. This report presents an explanatory
text, detailed tabulations of the performance and pressure data and a comprehensive
graphical presentation of the performance data.

This project was undertaken for Hamilton Standard under Purchase Order
No. E277698 dated March 31, 1965 and Supplement No. 2 dated February 1, 1966.

()
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INTRODUCTION

The subject shrouded propeller tests comprise the experimental phase of

an experimental-analytical program contracted by Hamilton Standard with the

Navy Bureau of Weapons. The data obtained are intended to provide detailed

and systematically varied performance curves which are sufficient to permit

empirical performance estimates for most shrouded propeller configurations.

The data also serve as a reference for the analytic predictions which will
evolve from the analytical phase of the Navy contract. The data obtained

are presented herein in detailed tabular and graphical formats; the test

apparatus and techniques axe also described.

TEST FACILITY, PROPELLER DYAMOMETER AND TEST MODELS

Wind Tunnel Facility

The UARL Large Subsonic Wind Tunnel shown in Fig. 1 is a single-return,

closed-throat facility with interchangeable 18- and 8-ft octagonal test sections.

Maximum tunnel velocity is approximately 200 mph in the 18-ft section and near

sonic Mach numbers can be obtained in the 8-ft section. Tunnel stagnation pres-

sure equals atmospheric pressure, and the stagnation temperature of the airstream

is held constant in the 40 to 130 F range by means of air exchanger valves.
Electric power may be supplied to test models by two motor generator sets each

of which develop a maximum of 375 hp at frequencies of 0 to 400 cps. Auxiliary

vacuum systems and a 400 psig air supply are also available. A small digital

computer and a high-speed data acquisition system capable of sampling 20 channels
of dynamic data, 200 steady pressures or 150 steady temperatures are available

in the tunnel control room. A detailed description of the wind tunnel and its

auxiliary equipment is given in Ref. 1.

Propeller Dynamometer aid Shroud Balance

The model propellers were driven by the UARL propeller dynamometer which

consists of two variable-speed motors, mounted in tandem, and housed within a

2
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() streamlined cast-stee pod with an integral support strut (Fig. 2). The motors

are mounted in hydrostatic bearings to restrain aLl motion except axial motion 4,

along, or rotational motion about, the longitudinal axis of the dynamometer.
These motions were restrained by load cells which measure thrust and torque of
the model propeller. Each motor is capable of delivering 375 hp at 12,000 rpm;
together they provide a maximum torque of 330 lb-ft at any operational speed.

Model speed was controlled by variable frequency power supplied by two motor-

generator sets and measured with a Berkley EPUT meter and 60 tooth gear signal
generator. The dynamometer was faired such that there is negligible axial
static pressure gradient in the plane of the propeller (Ref. 2). The dyna-
mometer is also designed so that the model propeller and hub are the only

portion of the metric system exposed to the airstream. Pressure instrumen-
tation was provided within the dynamometer in order to correct the measured

thrust for any difference in pressure between the front face of the hub and

an equal area in the rear fairing (Fig. 2). Further details of the propeller

dynamometer are presented in Ref. 2.

The shroud strain-gage balance system shown in Fig. 3 was used to support
the shroud on the propeller dynamometer and to measure shroud normal and chord

forces. The balance ground structure was provided by a new fairing of heavy
gage rolled boiler plate machined to provide essentially the same shape as the
metal fairing normally i.ied. The shroud was supported on the ground structure
by a three-point linkage schematically illustrated in Fig. 4. Support points
P1 and P2 shown in Figs. 3 and 4 were fixed in the y-z plane (Fig. 4) by two
"A" frames whicb were free to pivot at both ends. Points P1 and P2 were res-
trained in the axial direction by flexured load cells (C4, C5) which attached to
the non-metric structure. Points P1 and P permitted lateral as well as vertical
rotation and thus only axial chord forces C4, C5) were transmitted through
these points. Forces N1 and N2 were obtained directly from load cells which

measured a bending moment in the lateral plane between points P1 and P2 and

the shroud. Support point P3 was fixed in space by a rigid normal force support
arm projecting forward from the fairing of the extension shaft housing. A

flexured load cell (N3) was located between the side arm and shroud. The inter-
ference effect of the support arm of point P3 and the tare and interference
effect of the "A" frames were obtained by u~e of dummy images of these supports.

Propeller Dynamometer and Shroud Installation

The shroud-dynamometer was initially installed ii, ench test section at a
yaw angle of 0 deg and with the thrust axis coincident w"- +h t unnel certerline

3
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O elevation. Figures 5 to 8 illustrate the installation although the dynamometer is
shown at non-zero yaw angles (28 deg in 18-ft test section, 8 deg in 8-ft test
section) as used during stress tests not described herein. Dynamometer monitoring

instrumentation consistel of an EPUT meter for rotational speed, a vibration meter

with provision for selecting vertical or horizontal motion and a Speed-O-Max display
for numerous thermocouple temperatures. eressure leads from the dynamometer and

electrical leads from the dynamometer and shroud balance were connected at the

dynamometer strut bulkhead (Fig. 2) then led across the tunnel balance chamber to

the appropriate facility in the control room. Electri-al leads from the shroud

transient pressure transducers were led across the shroud balance linkage, along

and down the leading edge of the dynamometer, and into the balance chamber where

they were directed into the control room and connected to a Visicorder. Pressure

tubing leads from the shroud and exit rake were led downstream across the shroud

balance 2inkage, along and down the leading edge of the dynamometer, and into the

balance chember where they were connected to a patch panel. Pressure tubing leads

froa the inlet rake and spinner (P1 in Fig. 2) were led upstream through the spinner

and a sting, through the sting support struts, and into the balance chamber where
they were connected to the patch panel. At the patch panel the leads were dir-

ected to the high-speed data acquisition system and manometer boards in the tunnel

control room. The electrical and pressure leads from the traversing probe were led
intc the balance chamber arn ten directed to the appropriate facility in the

control room. During pre-performance stress tests, the electrical leads fromO the blade strain gages were directed along the trailing edge of the blade and
through the hub to n slip ring assembLy mounted on the upstream surface of the

hub. The electrical leads from the slip ring assembly were led upstream through

the spinner and sting and down the sting support strut into the balance chamber

where they wei'e directed to the appropriate HSD equipment in the control room.

Test Models

The test models consisted of a 20-inch chord shroud with provisions for

varying shroud geometry, a 15-inch chord shroud (short chord) of fixed geometry

and four sets of propeller blades. The 20-Inch chord shroud geometric variations

included shroud axial position (two locations), sbroud lip shape (zwo nose sections),

shroud diffiuser shape and exit area (four aft sections), shroud adjustable pitch
inlet guide vanes (set of five), and shroud adjustable pitch exit guide vanes

(set of five). Specifications for the shroud ccmponents and guide vanes are pre-
sented in Appendix I, Figs. I-1 through 1-4. Changes in shroud gr' .etry were
provided through use of a central support ring which supported the shroud com-

ponents and transferred aerod.ynamic loads from the model tc the shroud balance.

.0
P1
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The support ring as shown in Fig. 9 was fabricated from aluminum to form a
channel section with component variation attachment points and was machined to

provide a close tolerance inner surface ring concentric with the propeller tip

path. The support ring could be located downstream of the position shown in Fig.

9 by the removal of spacers at the upper and lower support points. The forward

position places the propeller at the 40 percent chord station of the 20-inch

shroud and the aft position locates the propeller at the 25 percent station of
that shroud. Figures 10 and 11 show the support ring with exit vanes and with

typical shroud diffuser and inlet sections attached, respectively. The diffusers

were fabricated from laminated mahogany and machined to provide the exterior contour.
Also shown in Fig. 11 is the location of shroud surface static pressure orifices

(90 and 315 deg azimuth) and the normal force load cell fairing. A surface pressure

transducer on the inner surface and outer surface of the shroud upstream of the

propeller plane was also installed for portions of the program. Figures 12 and

13 show the complete shroud model including lip section, center ring fairing

blocks, diffuser, aluminum inlet vanes, Pluminum exit vanes and exit otal pressure
rake. Figures 12 and 13 alsc show the propeller hub spinner which is specified

in Appendix I, Fig. 1-5.

The test models included four sets of propeller blades comprising rectangular,
wide tip and narrow tip planform three-way configurations and comprising a narrow
tip four-way configuration. A blade of each of the four propeller sets is shown

in Fig. 14 and the geometry of each blade is described in Appendix I, Figs. 1-6
through 1-9. The blades were aluminum and the three-way rectangular set incor-

porated fiberglass tips which provided for tip clearance variations between the

blade tip and shroud. The blades installed in the 7.5-inch diameter steel hub

provided a disc diameter of approximately 30 inches. All three-way propellers

had an activity factor of 168 per blade and a design camber of 0.4. The four-

way propeller had an actitlty factor of 126 per blade and a design camber of 0.4.

Changes in blade angle were accomplished by manually turning worm gears in the

hub that mesh with integral gear sectors on the blade root. Figure 15 shows the

rectangular blades installed in the three-way hub (HSD Dwg. SK 27388), and Fig. 16

shows the narrow tip blades, with strain gage instrumentation attached, installed

in the four-way hub (HSD Dwg. SY 27388).

Provisions for mounting of inlet pitot-static rakes and an exit total pressure
rake were provided in addition to the static pressure orifices and surface pressure
transducers incorporated in the model shroud components. The 15-orifice pitot.

static inlet rake and the 25-orifice total pressure exit rake were both non-metrically

supported from the spinner and dynamometer cowl f~iiring, respectively. A probe

which traversed the exit of each shroud and just behind the propellers was mounted

I O from the tunnel wall. A complete description of this instrumentation is provided
in Appendix II.

5
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The configuration designation system used herein is based on 16 symbols,
each consisting of a letter with subscripts denoting variables and superscripts,
where applicable, denoting angle deflections. A typical example would be
LlClElBPRTI, which defines the complete shroud-propeller model with inlet lip
one (L1, propeller located at 40 percent shroutd chord (C1), diffuser exit area
ratio of 1.1 (El), three-way hub (B3 ), rectangular planform blade (PR) and basic
blade tip-shroud clearance (T 1). The symbols are concisely defined in Table I
and illustrated in Figs. 9 to 16. Special forms of these symbolp used in com-
puter tabulations are included in parenthesis after the symbol definition in
Table I.

TEST PROCEDURES

Initial Testing

The Ir.itial testing ccnsisted of traversing probe calibration, tunnel
blockage calibration, hub tare, tare and interference, and pre-performance
stress runs. The traversing probe calibration, as described in Appendix II,
defined the parameters required for interpretation of velocity-angularity data.
The blockage calibrations, as described in Appendix III, provided a technique
for setting tunnel speed. The hub tare runs, as described in Appendix IV, de-
fined the hub skin friction drag which was to be subtracted from the thrust

measurements.

The tare and interference runs, as described in Appendix V, defined the
effects of the side arm and "A" frame which were to be deleted from the shroud
normal and chord-force data. The pre-performance stress rns were conducted
with strain-gaged blades to define safe operating limits. The blade stress

signals were transmitted through a slip ring assembly within the hub spinner

and monitored on a Visicouder by Hamilton personnel. Based on observed stress
levels of specific blades selected by HSD personnel, a safe operating range
(windmill rpm to 8000 rpm) was established for all the blades tested. Propeller
dynamic balance calibrations were interspersed in the test program and were con-
ducted following assembly and static balancing of each hub propeller configuration.
These calibrations consisted of monitoring horizontal and vertical vibration as
sensed by the vibration gages imr.,ediately downstream of the hub as shown in Fig.
2. A safe operating limit of ±0.005 inch has been established for the subject
test rig.

K7)
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Performance Testing

The performance test program consisted of recording and processing prop-
eller thrust and torque, shroud chord and normal force, and shroud inlet and
exit pressures for various model blade angles through a range of rotational

speed at constant Mach number, shroud configuration and yaw angle (zero).
Each rotational speed setting constituted a test point nnd each range of
rotational speed defined a data run. This testing was conducted without
strain gage instrumentation on the blades.

The performance data instrumentation consisted of one EPUT meter for
propeller rotational speed and ten strain gage unit (sgu) potentiometers for
torque, thrust, delta thrust, normal force (three load cells), chord force
(two load cells), and local Mach number at the hub (two transducers). This
instrumentation incorporated a locking circuit which provided a simultaneous
visual sample of each cignal which was manually recorded and at the same time
punched into a digital computer in the tunnel control room for processing. The
almost simultaneous reduction of the basic data permitted a manual on-line graphic
presentation of the data in coefficient form. The inlet and exit pressure data
were displayed on manometer boards in the control room and recorded photographically,
or on magnetic tape with the high-speed data acquisition system. When these data
were recorded on magnetic tape, a bacR-up record was usually obtained through a
photographic record of the pressures as displayed on the manometer boards. These
data were reduced concurrent with the test program at the UARL Computation Laboratory.

Perfcrinance data in the Mach number ranges from 0.02 to 0.20 and 0.3 to 0.6
were obtained in the 18-ft and 8-ft test sections, respectively. A functional

sequeace of shroud configurations uLth attendant run numbers and figure numbers
is presented in Table II, and a detailed listing of each run obtained during the
entire program is given in Table III.

Pressure Testing

The pressure program consisted of recording and processing pressures sensed
by a probe traversed radially across the shroud exit area (Tp) and behind the
propeller disc (TP2) for various model blade angles at constant rotational speed,

Mach number and shroud configvration. Each radial station setting constituted a
test point and each complete traverse across the shroud exit area or behind the

7
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propeller disc defined a pressure run. In the 8-ft test section pressures were
also recorded at a specified rotational speed below and above the design rota-

tional speed for one radial position of the traversing probe.

The installation of the probe in the clear 8-ft section preceding the 8-ft
section test phase constitutes a third probe position identified in Table I. In

addition to the traverse probe data, pressures sensed with the inlet pitot-static
rake, the exit total pressure rake and the static orifices on the shroud wele

recorded on magnetic tape and processed at the computation laboratory. For some

shroud-propeller co±afigrations, transient pressures sensed by pressure trans-
ducers mounted flush with the inner and outer surface of the shroud lip were
recorded on a Visicorder.

STATEME1NT OF ACCURACY

At the conclusion of the test program a statistical analysis based on methods
outlined in Ref. 3 was made of approximately 300 static zero shifts noted for
each of the four balance components. Estimates of static data accuracy (two
standard deviations) based on these results are tabulated below.

System Measured Force Coefficient

Component Capacity or Moment (5000 RPM)

Thrust, lb 700 ±0.93 ±0.002
Torque, ft-lb 500 ±0.54 t0.002
Chor Force, lb ±1000 ±1.26 ±0.004
Normal Force, lb ±2000 ±1.82 ±0.003

lu_ Accuracy in setting propeller rotational speed and propeller blade angle
is estimated as ±1 rpm and ±0.1 deg, respectively. Accuracy in setting tunnel
Mach number is estimated as 0.005. Overall data repeatability as influenced
by al] of these parameters and also by model configuration duplication is
illu trated in Figs. lT to 26 of the Data Repeatability tab section. Figures
17 6o 20 present data repeatability through the speed regime of the 18-ft tunnel;
Figs. 21 and 22 present data repeatability between the 18-ft and 8-ft test sections
for a common Mach number of 0.2 and Figs. 23 to 26 present data repeatability in
the 8-ft test section. The plots presented are a sampling of the repeat runs
conducted throughout the test program and are felt to be representative of the
overall data repeatability.

8
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0 An arithmetic mean estimate of the presp.ire data repeatability based on a

small number of samples indicated values of ±0.06 in surface pressure coefficient,
±0.5 deg in traverse probe yaw angle (ZETA), ±1.0 deg in traverse probe pitch
angle (THETA), and ±5 fps in traverse probe velocity (V'). The accuracy in

setting the traversing probe radial position was estimated as 0.012 inches.

DATA REDUCTION AND PRESENTATION

The reduction and presentation of the performance and pressure data which
were obtained during the runs listed in Table II are discussed herein. Piditional

calibration and tare data are described in Appendices II through V. The data
reduction equations for the performance data are presented in Appendix VI in the
initial five sections. The first section (Eqs. 1 to 5) is preliminary in nature
and includes standard calculations for determining tunnel air density, velocity
and dynamic pressure, and an equation for solid and wake blockage corrections to
tunnel velocity. The symbols used in these equations and all subsequently dis-

cussed equations are defined in the List of Symbols. The second group of equations
(Eqs. 6 to 9) converts the force and moment gage readings to thrust, torque, chordO force and normal force. The third and fourth groups of equations (Eqs. 10 to 16)

indicate expressions for tare corrections and balance interactions to the basic
force and moment equations. The fifth group of equations (Eqs. 17 to 28) converts
thrust, torque, chord force and normal force to aerodynamic coefficient form and

also includes standard calculations for advance ratio, shaft horsepower and pro-
peller tip speed. These equations also indicate the "A"-frame tare and inter-

fercnce correction on chord force.

The parameters defined by Eqs. 17 to 28 represent the required performance

data in their final algebraic form. The data reduction equations for the pressure
data are presented in the remaining two sections. Section VI presents an equation
for dynamic pressure (Eq. 29) corrected for solid blockage at Mach numbers greater

than 0.2 and an equation for pressure coefficient (Eq. 30). The seventh and final
gnupof equations (Eqs. 31 to 38) includes expressions for converting traversing
probe pressures to inclined velocity and to projected velocity parallel to the
thrust axis.

The presentation of the performance data is in the form of aerodynamic coef-
ficient plots and tabulations. The plots are divided into seven tab-sectioned
groups as indicated in Table IV "List of Figures." The groups are descriptivelj
annotated as: Data Repeatability, Basic Shroud Characteristics, Shroud Contour

0
9

I



E330590-1

Effects, Propeller Location and Chord Effects, Vane Effects, Blade Geometry Effects
and Blade Tip Clearance Effects.

The first tab section presents a comparison of the data repeatability and is
discussed in the preceding section vf this report (Statement of Accuracy). The
remaining tab-sectioned groups are presented so that the effects of a specific
change in model geometry is presented in an individual tab section and is easily
compared with the basic model characteristics presented in the second tab section.
Within each tab-sectioned group the salient aerodynamic parameters for low (M =
0.02 to 0.15) and high (M = 0.20 to 0.60) speed performance are presented in sets
of two and three figures, respectively. The low-speed performance plots present
power coefficient and thrust coefficient, versus advance ratio on the first figure
of the set and net thrust coefficient and chord force versus advance ratio on the
second figure of the set.

The first data presented in the Basic Shroud Characteristics tab section
are a single figure set since the shroud was not installed and net thrust coef-
ficient and chord force data were not pertinent. The high-speed perfomance
plots present efficiency, net efficiency and power coefficient versus advance
ratio. The contents of the Vane Effects tab section differ slightly from the
described format in that, in addition to the typical performance plots, the
effect of vane angle at two propeller blade angles for Mach numbers of 0.05 and
0.20 is presented. In addition to the graphic presentation of the performance
data, a complete tabulation of these data is presented in Table V.

Concurrent with the acquisition of performance data and in addition to the
pressure data obtained during the "Pressure Data" phases of the test program,
very large quantity of shroud Lnlet velocity and shroud exit pressure data was
obtained. Complete tabulations of these data have been transmitted to HSD per-
sonnel and only selections of these results are presented herein. The presen-
tation of these data is in the form of data tabulations in Tables VI and VII.
A complete tabulation of the shroud inlet velocities obtained during the per-
formance data runs in the 18-ft test section is presented in Table VI. Table
VII presents shroud inlet velocities and exit pressures at, or above, the design
rpm (5500) for the performance data runs in the 8-ft test section. A complete
tabulation of the traversing probe data obtained during the "Pressure Data" phase
of the program and the accompanying inlet, exit and model surface pressure data
are presented in Tables VIII and IX, respectively.

0
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LIST OF SYMBOLS

A Ordinate intercept of hub skin friction tare equation, ib, Ref.

App. IV

Ae Area of the shroud exit, station 100% chord, sq ft

Ap Disc area of 2.494 ft diameter propeller (T1 ), sq ft

AT Cross sectional area of test section; 49 sq ft for 8-ft test section

B Slope of hub skin friction tare versus local Mach number, lb/M,

Ref. App. IV

b Blade local chord, ft

C Shroud chord force, lb

c Shroud chord length, in.

Cc Shroud chord force coefficient, positive upstream, (cc)

Cct "A"-frame chord force tare coefficient, Ref. App. V, VI

Cct&i "A"-frame chord force tare and interference coefficient, Ref. App. V, VI

CL Integrated design lift coefficient

CLD Blade design lift coefficient

CN Shroud normal force coefficient, positive to right looking upstream, (CN)

cn Interaction slope of chord force on normal force, lb N/lb C, Ref.

App. VII

Cp Power or pressure coefficient, (CP)

CT Thrust coefficient, (CT)

CTNRT Net thrust coefficient, (CT NET)

Cu Si~rood chord force uncorrected for balance interaction, lb

12
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dp PActual model propeller diameter, ft, Ref. Table I

ds  Shroud minimum internal diameter, 30.0 in.

e Ordinate intercept of "A"-frame tare and interference equation, i
Ref. App. V, VI

fht Hub skin friction tare on thrust, lb, Ref. App. IV

f Slope in "A"-frame tare and interference equation, Ref. App. , VI

g Acceleration due to gravity, 32.16 ft/sec/sec

h Blade local thickness, ft

Ho  Barometric pressure, psf, (HO)

HP Horsepower, (HP)

J Advance ratio

K Shroud shape factor, 1.03, (Ref. 4)

K1  Slope of torque Ltrain gage unit (sgu) read-out instrument, ft-lb/sgu

Ref. App. VII

K2  Slope of thrust sgu read-out instrument, lb/sgu, Ref. App. VII

K3  Slope ofAT sgu read-out instrument, lb/sgu, Ref. App. VII

K4  Slope of normal force N1 (upper bending momen, L ad cell), read-out
instrument, lb/sgu, Ref. App. VII

K5  Slope of nnrmal force N2 (lower bending moment load cell), read-out

instrument, lb/sgu, Ref. App. VII

K6  Slope of normal force N3 (side arm load cell), read-out instrument,
lb/sgu, Ref. App. VII

K7  Slope of chord force C4 (upper "A"-frame load cell), read-out
instrument, lb/sgu, Ref. App. VII

13
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K8  Slope of chord force C5 (lower "A"-frame load cell), read-out
instrument, lb/sgu, Ref. App. VII

K9  Slope of local (hub), total pressure read-out instrument, psf/sgu,

Ref. App. VII

KlO Slope of local (hub), static pressure read-out instrument, psf/sgu,

Ref. App. VII

K Constant for determining static pressure at traversing probe;
obtained from probe calibration data, Ref. App. II

LER Leading edge radius, % chord

M Mach number, uncorrected for solid and wake blockage (performance data)

tabulations and plots; or, corrected for solid blockage only (pressure

data), (M)

M Mach number at 20 deg azimuth approximately 1.5 inches above hub

surface, Ref. App. IV p

Mr  Mach number pressure ratio at traversing probe, Ref. App. II

MTP Mach number at travrersing probe, Ref. App. VI

N Shroud normal force, lb

n Rotational speed, rps

N Robational speed, (RPM)

nc  Interaction slope of normal force on chord force, lb C/lb Nu, Ref.

App. VII

Nu Shroud normal force uncorrected for balance interaction, lb

P Pressure, psi

O PTR Propeller test rig

14
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APt Hub pressure differential tare (buoyancy) on thrust, lb

Q Torque, ft-lb

q Dynamic pressure corrected for solid and wake blockage (performance
data); or, corrected for solid blockage only (pressure data), psf (Q)

Qp Torque uncorrected for thrust interaction on torque, ft-lb

qt Interaction slope of torque on thrust, lb T/ft-lb Q', Ref. App. VII

qu Dynamic pressure uncorrected for solii and wake blockage, psf

R Gas constant, 1716 ft2/sec 2 OR; nominal blade radius, 30 in.

r Local propeller radius, in.

T Thrust, lb

TER Trailing edge radius, % chord

A T Increment of thrust due to axial pressure differential across hub, lb

t Shroud thickness, in.

TNET  Net thrust (T+C), lb

Tp Thrust uncorrected for hub pressure differential tare, hub skin
friction tare, and balance interactions, lb

tq Interaction slope of thrust on torque, ft-lb Q/lb T, Ref. App. VII

TSC Settling chamber temperature, R, (TSC)

V Velocity component at traversing probe; or, free airstream velocity
(18-ft section pressure data uncorrected and 8-ft section data
corrected for solid blockage), fps, (V)

V Velocity component parallel tc thrust axis at traversing probe, fps
(V PRIME)

15
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Vo  Velocity of airstream corrected for blockage, fps (VO)

VS Volume of shroud, 13 cu ft

VT Propeller tip speed, fps (VT)

Vu Velocity of airstream uncorrected for solid and wake blockage, fps

Blade twist, deg, Ref. App. I

y Ratio of specific heat of air, 1.4

Z Angle of yaw at traversing probe, deg, (ZETA)

Propeller efficiency, (ETA)

7NET Net propeller efficiency, (ETA NET)

e Blade angle at 3/4 blade radius, (THETA 3/4); or pitch angle at

traversing probe, (THETA), deg, Ref. App. I

Or  Ratio of pressure differential across axial scatic orifices to traverse
orifices on traversing probe, Ref. App. II

7Constant 3.1416

P Mass density of free airstream, slugs/cu ft, (RHO)

TModel span to width factor, 0.83 (Ref. 4)

4Angle of yaw, deg, (PSI)

Sub scripts

Local condition

m Model surface

0 Initial or zero gage reading or ambient condition
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Subscripts (Contd.)

P Parameters uncorrected for interactions, buoyancy, and tares

R Strain gage reading, sgu

s Static pressure

t Total pressure

0 Free stream static pressure, (INF)

1-5 Orifices on traversing probe (see Fig. 11-4)

0

0
17
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APPENDIX I

HSD SHROUDED PROPELLER TEST

Model Dimensional Data

The presentation in this appendix comprises tabulation of the shroud,
inlet and exit guide vane, and spinner dimensions. Plots of propeller blade
width ratio, thickness ratio, twist angle and design lift coefficient are
also presented.

Title and Description Figure

Lip Ordinates I-1

Diffuser Ordinates -2

O Short Chord Ordinates -3

Inlet and Exit Guide Vane Ordinates -4

Spinner Ordinates -5

4-Way Narrow Tip Blade Cecmetry -6

3-Way Rectangular Blade Geometry -7

3-Way Blade Tip Blade Geometry -8

3-Way Narrow Tip Blade Geometry -9

18
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E330590-1 FIG. I- I

HSD SHROUDED PROPELLER TEST
MODEL DIMENSIONAL DATA0 LIP ORDINATES

L2 ~Y- PERCENT
L 2 J  r i"""-..-L OF CHORD

L ORDINATE
REFERENCE LINE

L:P-, - - -IP- - - - DIFFUSER

0 I.CHORD -- -

0510 1.7 25 30 40 50 60 70 80 90 100
PERCENT OF CHORD

Station Lip, L1  Lip, 12
Percent OrdinateY Ordinate ,Y
of Chord Upper Lower Upper Lower

0.0 10.050 10.050 8.753 8.753
0.25 11.325 8.400 10.175 7.200
0.5 1.885 7.715 1O.74o 6.560
0.75 12.26o 7.16o II.16o 6.055
1.00 12.535 6.695 11.475 5.630
1.50 12.970 5.930 12.000 4.950
2.00 13.305 5.255 12.395 4.385
2.50 13.555 4.705 12.725 3.950
3.00 13.760 4.205 13.015 3.46o
4.o0 14.o9o 3.335 13.500 2.735
5.00 14.335 2.640 13.835 2.190
6.00 14.500 2.085 14.110 1.735
8.00 14.730 1.215 14.485 1.000

10.00 14,87o o.645 14.74o 0.525
13.00 14.960 0.170 14.900 o.16o
16.0o 14,990 0.020 14.965 0.035
18.75 15.000 0.00 15.000 0.0

t/c =15% tlds 1%

19



E330590- I FIG. 1-2

HSD SHROUDED PROPELLER TEST
MODEL DIMENSIONAL DATA

DIFFUSER ORDINATES

Station Diffuser, E1  Liffuser, E2  Diffuser, E3  Diffuser, E4

Percent Ordinate, Y Ordinate, Y Ordinate, 0rdinate, y

of Chord Upper Lower Upper Lower Upper Lower Upper Lower

20.0 15.000 0.0 15.000 0.0 15.000 0.0 15.000 0.0
25.0 15.000 15.000 15.000

30.0 14.91o 14.940 14.965
35.0 14.64o 14.8oo 14.925
40.0 14.235 14.525 14.835
45.0 13.775 14.19o 14.730
50.0 13.225 13.800 14.575
52.5 12.935 0.040 - 0.150 - O.110 14.960 0.04o

55.0 12.610 0.205 13.365 0.400 14.350 0.540 14.875 0.205
6o.o 11.910 0.580 12.895 1.105 14.060 1.600 14.690 0.580
65.0 11.175 0.965 12.375 1.825 13.700 2.665 14.320 0.965
70.0 10.335 1.355 11.835 2.560 13.290 3.720 13.680 1.355

75.0 9.475 1.745 11.230 3.295 12.825 4.785 12.800 1.745
80.0 8.520 2.130 10.550 4.015 12.330 5.860 11.800 2.130
85.0 7.490 2.510 9.800 4.750 11.81o 6.920 10.500 2.510
90.0 6.360 2.900 8.960 5.480 11.285 7.990 8.795 2.900

95.0 5.100 3.290 8.025 6.210 10.760 9.055 6.550 3.290

97.5 4.435 3.480 7.565 6.600 10.510 9.595 - -

100.0 3.760 3.760 7;035 7.035 10.180 i0.180 3.860 3.860

Ae/Ap : 1.1 Ae/AP = 1.2 Ae/AP = 1.3 Ae/AP = 1.1

* = 0.085% *TR = 0.085% *TER = 0.085% *TER 0.200%

*TER = Trailing Edge Radius, % Chord

0
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E330590-1 FIG. 1-3

(HSD SHROUDED PROPELLER TEST
MODEL DIMENSIONAL DATA

SHORT CHORD ORDINATES

"' Y - PERCENT

I7 ATEOF CHORD

REFERENCE LINE

0 5 I0 15 2025 30 40 50 60 70 80 90 100

PERCENT OF CHORD

Short Chord LisC  Short ChordLiSC,
Station VLSC, ElS6 ' Station CISC, ElSC
Percent Ordinate, Y Percent Ordinate, Y

of Chord Upper Lower of Chord Upper Lower

0.0 13.399 13.399 26.66 20.000 0.0

0.33 15.098 11.199 33.33 19.318
o.67 15.845 10.286 4o.oo 18.531
1.00 10.345 9.546 49.66 17.498
1.33 16.712 8.926 50.66 16.732

2.00 17.292 7.906 53.33 16.178 0.053

2.67 17.738 7.006 59.99 14.731 0.713

3.33 18.072 6.273 66.66 13.265 1.413

4.00 18.345 5.606 73.33 11.745 2.120

5.33 18.785 4.446 79.99 10.199 2.813
6.67 19.111 3.520 86.66 8.566 35o6

8.00 19-331 278o 93.32 6.813 4.200

10.67 19.638 1.620 96.66 5.913 4.553

13.33 19.825 0.860 100.00 5.013 5.013

17.33 19.945 0.227 Ae/AP = 1.1

21.33 19.985 0.027 *TER = 0.113%
25.00 19.998 0.0

*TER = Trailing Edge Radius
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E330590-1 FIG. 1-4

HSD SHROUDED PROPELLER TEST
MODEL DIMENSIONAL DATA

INLET AND EXIT GUIDE VANE ORDINATES

ORDINATE
REFERENCE LINE

Y- PERCENT Y- PERCENT
2-IN. CHORD OF CHORD OF CHORD

0 20 40 60 O80 100 0 20 40 60 80 100
PERCENT OF CHORD PERCENT OF CHORD

Station Inlet Vane, I Station Exit Vane, V
Percent Ordinate, Y Percent Ordinate, y

of Chord Upper & Lower of Chord Upper & Lower

0 0.0 0.0 0.0
1.25 1.050 1.25 1.067
2.5 1.500 2.5 1.1500

5.0 2.100 5.0 2.100

7.5 2.500 7.5 2.533
10 2.910 10 2.867
15 3.450 15 3.433
20 3.900 20 3.867
30 4.500 30 4.500
40 4.850 4o 4.867
50 5.000 50 5.000
60 4.850 60 4.867
70 4.400 70 4.4OO

80 3.500 8o 3.500
90 2.100 90 2.100

95 1.150 95 1.167
100 0.100 100 1.000

*LER = 0.55% *LER = 0.533%

Thickness ratio = 10% chord Thickness ratio = 10% chord

*LER = leading edge radius, % chord *LER leading edge radius, % chord
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E330590-1 FIG. 1-5

HSD SHROUDED PROPELLER TEST
(7') MODEL DIMENSIONAL DATA

S-INNER ORDINATES

S3.75 IN.

71 ORDINATE
REFERENCE LINE

F ' ,Y - PERCENT
OF LENGTH

INSTRUMENTATION STING _-14.480 1

2.5-IN. DIA
0 10 20 30 50 70 80 100

PERCENT OF LENGTH

Station Spinner

Percent Ordinate, Y

of Length Upper and Lower

0 0.0

1 2.69
2 3.81
3 4.74
4 5.56
5 6.31

10 9.36
15 11.73
20 13.65
25 15.32
30 16.81
35 18.15
40 19.36
45 20.45
50 21.42
60 23.08
70 24.33
80 25.21
9o 25.74

100 25.90
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E330590-1 FIG 1-6

HSD SHROUDED PROPELLER TEST
MODEL DIMENSIONAL DATA

4-WAY NARRON TIP BLADE GEOMETRYC)K5714
DESICN CL -0.4

90 0 36

- 7-

80 032 -

70 028 -F

1L 4--
77 7.

60 n 0 .2 4  
LJ1 { tj.40.6

..J f7 7 J j I

5z400 0.2 ., 6~ 0.5

ui 30 0.12 0.3I~
I- lj -

17~H , 1 ±f'1 w

20 0.0 0._u

w

00 02 0 6 0 0

RADIUS RATIO, rR
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E330590-1I FIG 1-7
HSD SHROUDED PROPELLER TEST

MODEL DIMENSIONAL DATA
3-WAY RECTANGULAR BLADE GEOMETRY

ki SK 5714 3
DESIGN CL =04

90 0.36 ~I4~~2

80 0.32 44

i it

70 028 71-- 4
4 ~ t~

Ir 4

14 42 4

60 n 0.24 Z-: ' .

_7 40 .1

20 <0.0 02.5

X r ~ 1V 4- I;

ui l~f I IL j 4

420 -_0.08 1 0
0 02 4 06 08 V

RAIU RAIO Ir, Ii --251

Lt



E330590-i FI -
IHSI SHIROUDED PROPELLER TEST

MODEL DIMENSIONAL DATA
3-WAY WIDE TIP BLADE GEOMETRY(7) SK 57144

DESIGN CL=04
90 036 4 r7 f

1--" 141 ~ ' L F

80 0.32 i- :.- -

70 0.28 - .

60 0 024 0i~- 6H ~ -

-' ~ ~ 7 
4

tV ,t j

IJ-
LiL

u1-

T I
0 Y 0 6 0

w 30 02 ± 0

:I20 00 02~f'. 2~4IIK

.. .. " TIT,

10 004 0 t
- -: .

0 0 2 04 06 0.8 1.0
RADIUS RATI0, r/ R
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E330590 -1 FIG. 1-9

HSD SHROUDED PROPELLER TEST
MODEL DIMENSIONAL DATA

3-WAY NARROW TIP BLADE GEOMETRY
SK 57145

DESIGN CL =04
90 0.36

80 032 -P1

70 028 7t'.1

-1-

60 n 0 2 4  -'t I0.6

50 0.200.

0y

04i La0 01

z -J

L 30 o 012

o 71-

-20 -008 1_02

00 0044 06 08 1

RADIUS RATIO r/R
27



E330590-1

)APPENDIX II

HSD SHRCUDED PROPELLER TEST

Pressure Sensing Instrumentation and
Traversing Probe Calibration

This appendix describes the pressure sensing instrumentation used and presents
a relationship for the complete solid blockage correction to pressure coefficient
values in Table IX. As shown in Fig. II-1, the instrumentation consisted of either
one or two inlet pitot-static rakes, an exit total pressure rake, shroud surface
static pressure orifices at two azimuth angles, a traversing probe applicable to
two axial stations and two transient pressure transducers. Except for the transient
dota, pressures sensed by these devices were converted to electrical signals with
transducers and recorded on magnetic tape with a high-speed data acquisition system
.n the tunnel control room. Pressures sensed by the transient prescure transducer

were recorded on Visicorder paper and transmitted to HSD during the test period;
these results were retained by Hamilton and have not been incorporated in this
report. In addition to the magnetic tape record, a photographic record of the
pressures as displayed on manometer boards was obtained. Sketches of an inlet
pitot-static rake, the exit total pressure rake and the traversing probe are
presented in Figs. 11-2, 11-3, and 11-4, respectively. Figures 11-5 and 11-6
present the results of the traversing probe calibration conducted immediately prior
to the 8-ft section test and used in the final reduction of traversing probe data
obtained in the 8- and 18-ft test sections.

The traversing probe calibration was performed to extend the scope of the
orig. nal calibration provided by the probe manufacturer to higher speeds and pitch
angles. The results of the UARL calibration did not agree with the original calib-
ration provided with the probe and therefore the probe was returned to the manu-
facturer for further calibration. A lack of repeatabilitv between the original
and second calibration performed by the manufacturer, witi' respect to the para-
meter K, weakencd both UARL's and HSD's confidence in these calibration data. It
was mutually agreed between UARL and HSD to utilize the UARL calibration data for
reduction of the traversing probe data obtained during the test period in the 8-ft
test section; and in addition, to extrapolate these data for reduction of the pre-
vicasly obtained traversing probe data obtained during the test period -n the 18-ft
test section. These calibration data were used in conjunction with Eqs. 31 through
38 of Appendix VI to define the velocity and angularity of the airflow at the probe
station.

The test technique employed with the traversing probe consisted of recordingO pressures P1 through P5 at discrete radial stations at shroud azimuth 166.5 deg
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for particular shroud chord locations (Tp and TI 2 ). Radial positionig of the probe
was remotely controlled at a console in the tunnel control room which Iso provided
for rotating the probe to balance the pressures P2 and P3 shown in Fig. :1-4.
Nulling of these pressures provided a yaw angle (ZETA) in numerical display through
an electro-miechanical system integral in the control console. With a discrele
radial position and yaw angle the parameters Mr and Or were determined by Eqs. 31
and 32 of Appendix VI, respectively. With values of Mr and 0 r, pitch angle
(THETA) and subsequently parameter K were determined from the calibration data
presented in Figs. I-5 and 11-61 respectively. Linear interpolation was used
to determine pitch angle and K for values of Mr and 8 r parameter intermediate
to the presented curves. The parameter K was used to determine a corrected static
pressure (Eq. 35) which in turn leads to the determination of Mach number, velocity
component and axial velocity by Eqs. 36 through 38, respectively.

Pressure coefficient values presented in Table IX were obtained in accordance

O with the data reduction equations presented in Appendix VI and as such, are not
based on a test section static pressure corrected for solid blockage. The effect
of this correction can be expressed as an additive pressure coefficient of 0.06.
Pressure coefficient with dynamic pres-ure corrected for solid blockage and with
static pressure uncorrected and corrected for solid blockage may be expressed as:

Cp = H, (dynamic pressure corrected
q/Ho for solid blockage)

-P (dynam.ic and test section static
H0  H0
qlHo pressure corrected for solid

blockage)

The increment in pressure coefficient may be presented as:

ACP= PC CP Ho HoACp -"CpC Cp - 0 H
q/Ho

0
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Expressing the ratios of static-to-stagnation pressure as functions of Mach number
we have:

ACP~ [ ( I 1+. 2 M 2 35,

and

CPC CO + CP CP + PC (I +. 2 M? )3 5

O Pressure coefficient increments ( C Op) for the Mach number range traversed in the
8-ft test section phase are:

Mach number, M 0.3 0.4 0.5 0.6

Cp O.0626 0.0601 0.0584 O.067

Note that the corrected pressure coefficient described above is based on solid but
not wake blockage in the static pressure and dynamic pressure terms. Wake blockage
was not applied since dependent thrust data were not obtained during the pressure
testing. This effect would however reduce the above factors within the ±0.06 value
indicated for repeatability in the text.

A static pressure identification system for the tabulated pressure coefficients
presented in Table IX is presented in Table 11-7.
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E330590- 1 FIG, " - I

HSD SHROUDED PROPELLER TEST
PRESSURE SENSING INSTRUMENTATION ARRANGEMENT

iVIEW LOOKING DOWNSTREAM

TRANSIENT PRESSURE TRANSDUCERS
LOCATED 4.625 IN. UPSTREAM OF
PROPELLER PLANE

-337.50 AZIMUTH
0°

EXIT TOTAL PRESSURE
RAKE LOCATED AT SHROUD
DIFFUSER TRAILING EDGE

750 AZMTR)INLET PITOT-STATIC RAKE
AZIMUTH,(RE)- LOCATED 3.25 IN. UPSTREAM

OF PROPELLER PLANE

200 AZIMUTH ,(RI)
2700 AZIMUTH M(R4)

STATIC PRESSURE ORIFICES
900 AND 3150 AZIMUTH

TRAVERSING PROSE 180

166.50 AZIMUTH,(TP)
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E330590-1 FIG X -2

HSD SHROUDED PROPELLER TEST0INLET RAKE ORIFICE LOCATIONS AND DESIGNATIONS

NOTE: DIMENSIONS SHOWN IN INCHES

f _L
ORIFICE 12.219 0.25- -

DESIGNATION

11.331

10.593

04 A
9.812

9.404
068.982

07 - 812

7.020

09

O7.177
10 6 .-- -

5.482
PROPELLER

PLANE

4.280 --

13 ~ 0512

3.448 --' 0.534

2.617

15o ---

3.188
AXIAL CENTERLINE
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E330590- I FIG. X - 3
HSD SHROUDED PROPELLER TEST

EXIT RAKE ORIFICE LOCATIONS AND DESIGNATIONS
NOTE: DIMENSIONS SHOWN IN INCHES

-- i h- 0.125 ORIFICE F 1.75
DESIGNATION

25
13 .26 1 2

4 ( - 24

12 737
23

12.213
22

11.689

1 21
11.160
- - T20

10642
--1-- 19

10.118
Is

9. 94
1 -17

9.070
S-16

8.546
- I ( -15

8.023mJ 14
7.499 

13
6975

1351i - ..- 12
(i 0.020) 6 451

5.927

1 10
5.403 SHROUD PROP DISTNCE

CHORD LOCATION TO PROP. 09
4.879 LENGTH % CHORD PLANE,X

A 20 40 12 08
4.356 20 25 15

... , 15 40 9 07
3.832 PROPELLER

' -- PLANE

3.308 06 "
1 ( -05

2.784
-- '( - 04

2.260

1 -03
1.736

02
1.213

01
0. 89

37 AXIAL CENTERLINE
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HSD SHROUDED PROPELLER TEST

C) TRAVERSING PROBE INSTALLATION

NOTE: DIMENSIONS SHOWN IN INCHES

.25 POSITIVE ANGLES SHOWN1 IC THERMOCOUPLE

Ps SHROUD PROP DISTANCE

ps CHORD LOCATION TO PROP
T LENGTH % CHORD PLANE,X

9 20 40 I
2 20 25 15

P415 40 9
P3S -- P

70.375 TOP VIEW

0

AIRFLOW

-*0.438

00

0K

VIEW FROM UPSTREAM SIDE VIEW

1. AIRFLOW

I '1
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E3501 HSD SHROUDED PROPELLER TEST FIG. 11-5

0TRAVERSING PROBE CALIBRATION

0.4

0 _.2

-0.2

-20, 0 20 4008

PITCHA 0N E 18-D6

35 T TE011(X



E5501 HSD SHROUDED PROPELLER TEST FIG. I1- 6

0TRAVERSING PROBE CALIBRATION

- :~

S SYM M r 7- T-H L H
4o :- 0027 4,

~' In 0.056

ot 0094

0 1404,

"r4 -I4[7~~M '7: '~~2h

I4 . 6I.,6
15101 .EX. t -14§~ ~ ~ -1

414::

1.5 T7 tV 7r7-'~

[K ~ ~ -;t' *- A---"tf
jj 7 4 i - r

4,~4 71,''-

1.2 2K IT1~ 3

7711 L 7

("1~~'i 1.1 __
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E330590-1 Fig. 11-7

HSD SMOMED PROPELLER TEST

Surface Pressure Orifice Identification System for Table IX

I- Symbols

S - Shroud 1 - 90 deg azimuth

B - Inside Surface 2 - 315 deg azimuth

LEO - Leading Edge

T - Outside

II - Orifice Legend

X X X XXL Chord

0 Surface

Azimuth

Component

S 2 T 70 (Example)

0
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APPENDIX III

HSD SHROUDED PROPELLER TEST

Tunnel Blockage Calibrations

Various tunnel calibrations were performed in order to establish a solid

and wake blockage correction for the dynamometer-shroud model in both 18- and
8-ft test sections. The initial efforts associated with the 18-ft test section

operation indicated that the dynamometer and shroud blockage was negligible.
Tunnel speed was then set from a propeller-plane wall pressure which accounts

for the remaining wake blockage thrust effect. Subsequent efforts for the 8-ft
test section indicated significant blockage due to the shroud (but not the

dynamometer). A simple solid blockage correction was found to agree with

measured speed increments due to the shroud and thus this correction and a
comparable correction for the propeller thrust effect were used in the 8-ft
test section. These calibrations are described below.

In the 18-ft test section the average static pressure in the propeller plane
at the two vertical walls of the test section was compared with an average

of four static pressures on the 45 degree sides of the octagonal test section
(speed ring) located 167.56 inches upstream of the propeller plane. This
comparison was made with the propeller test rig installed in the teot section

with and without the shroud present. As shown in Fig. M1I-1 the static pressure

at the tunnel walls in the propeller plane does not differ from the upstream
value due to the addition of the dynamometer with or without the shroud.

Blockage effects of the dynamometer and shroud in the 18-ft test section were
thus considered negligible and tunnel speeds were set in the propeller plane at

the tunnel walls to account for the remaining thrust effect on wake blockage.

In the 8-ft test section the propeller is close to the beginning of the
test section and thus it was not possible to establish an upstream pressure

reference which was equal to the test section static prssure without being
influenced by the model. A reference pressure in the 5est section bellmouth

was therefore selected (speed bump, 81.4 inches upstream of the propeller;

average of three pressures). The speed bump (Fig. 7) data is plotted in
Fig. III-2 against data from orifices in the propeller plane at the top wall
of the test section for the clear test section and for the dynamometer with

and without the shrcud. As indicated in Fig. 111-2 an increase in speed of
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approximately 4 percent is caused by the presence of the dynamometer and shroud
(primarily from shroud). Since the dynamometer itself does not significantly
increase the propeller plane wall pressure it appears that its blockage inter-
ference is negligible. The shroud, however, increases the wall speed about 4%
and approximately half of this increment (Ref. 5) may be applicable at the center
of the tunnel as a blockage interference correction. Since it is difficult to
accurately determine the tunnel centerline correction from the measured wall data
for a realistic model, a simpler and more conventional solid blockage correction
was calculated at a reasonable 3.2% as shown in Appendix VI. Tunnel speed in the
8-ft test section was therefore set from une upstream speed bump value calibrated
to give clear tunnel speed. The clear tunnel speed was then increaed by 3.2%
to account for shroud solid blockage and by a varying amount dependent on
propeller thrust to account for the thrust effect (App. VI and Ref. 4).

IJ

0
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APPENDIX IV

HSD SHROUDED PROPELLER TEST

Propeller Hub Skin Friction Tare

The forces measured by the dynamometer's thrust balance represent a
summation of the propeller thrust, a hub-skin friction drag and a thrust
force derived from the pressure differential across the hub. The pressure

differential thrust is determined from direct measurement of the pressures

across the hub at each data point. The hub skin friction drag tare was

determined from a calibration made without blades through a Mach ntunber

range at zero hub rotational speed. The gross thrust measured during this

calibration is equal to the independently measured pressure thrust plus the

skin friction drag since the propeller thrust is equal to zero. Hub skin

friction tare values measured in this manner are shown in Fig. IV-l. A) linear function of local Mach number was fitted to the data as shown in
this plot to simplify computer application of the data. Local Mach number
was selected, rather than tunnel speed, to account for the effect due to
the shroud presence. It should be noted that these results are applicable
only with the finite spinner.
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APPENDIX V

HSD SHROUDED PROPELLER TEST

"A"-Frame Tare and Interference

and Side Arm Interference Effects

The tare and interference effect of the "A"-frame (Fig. V-l) on chord force

and the interference effect of the side arm (Fig. V-2) on normal force are

presented in this appendix. The tare and interference effects of the "A"-frame
on normal force and the interference on the side arm on chord force were

assumed negligible (Ref. 6) and corrections for these effects were not applied

to the performance data presented in this report. In the case of the side arm
interference on normal force, the effect was small in both test sections (less

than 1% of the normal force system capacity of 2,000 lbs) and was not applied

to the subject data. Results of the normal force measurements without and

with the dummy side arm installed are presented in Fig. V-3.

Unlike the side arm irterference, the "A"-frame tare and iiterference

effect on chord force was significant in both test sections. "'or data
obtained in the 18-ft test section the difference in shroud chord force

coefficient without and with the single dummy "A"-frame installed (this

configuration produces half the effect of the two "A"-frames) was determined.

These differences were then doubled (to account for the two "A"-frames) and

represented by linear functions of power coefficient (App. VI, Eq. 11).

The corrections which were employed in reducing the data were based on four

runs made with the basic shroud configuration (LiCiE1) and three runs made

with the 1.3 exit area ratio (L1ClE3) as noted below.

Run Number Shroud
W/O Image WI mage Mach No. Configuration Correction Applicable to:

18 22 0.02 LICIE1 LlCIEI, LlC2EI, LlSCClSCEISC

19 23 0.10

20 24 0.20
28 27

94 99 0.02 LICIE3  LlClE3

9,: 98 0. 10
96 97 0.20
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For intermediate Mach numbers and for the 1.2 exit area ratio shroud (E2 ) the

corrections were interpolated from the preceding re.mlts. Ten other tare and inter-

ference runs were also made with the short chord shioud configuration; but, due to

inconsistent resulcs did not contribute to the evaluation of the corrections employed.

The following table presents the slope (f) constants for the "A"-frame tare and inter-

ference chord force correction in the 18-ft test section (Eq. ii of Appendix VI).

The intercept (e) value was zero through the Mach number range for alL configurations

tested.

Mach Number

Shroud Configuration Constant 0.02 0.05 0.10 0.15 0.20

All, unless noted below f 0.0433 0.0319 0.0237 0.0190 0.0156
LICIE2  I 0.0529 O.0409 0.0318 0.0265 0.0221
LICIE3  4 0.0625 0.0496 0.0400 0.0337 0.0285

For the 8-ft test section data, an "A"-frame correction to chord force was

obtained based on chord force measurements of the two isolated (no shroud) "A"-frames

rather than from the dummy "A"-frame image. This change in technique wab made because

the previous data obtained with the dummy "A"-frames were somewhat inconsistent; a

direct measurement of isolated "A"-frame chord force was thus made to improve the

correction. With the measurements of "A"-frame chord force presented in Fig. V-4

and the approach described in Ref. 7, a chord force correction as a function of prop-

eller advance ratio and thrust coefficient was derived as given in Eq. 12 of Appendix

VI. The revised correction does not include the "interference" of tare and inter-

ference, nor does it account for changes in tare and interference that could be assoc-

iated with variations in "A"-frame shroud attachment proximities. However, these

effects should be small and thus it is possible to reduce the required tare and inter-

ference runs to a single data run. In order to check the correction, data without

the dummy "A"-frame were corrected for the effect of one "A"-frame by applying one

half of the correction noted above. The corrected data were then compared to measured

results with the dummy "A"-frame present. This comparison as shown in Fig. V-5 was
satisfactory. The following table presents the constant terms in the chord force

correction (App. VI, Eq. 12) for the data obtained on the 8-ft tesc section. For
the intermediate Mach numbers the correction constants were obtained from inter-
polation of the curve presented in Fig. V-5.

Constant Mach Number
0.3 0.4 0.5 0.6

e 0.00405 0.00390 0.00435 0.00510
f = 2.71e 0.01100 0.01059 0.01182 0.01385

0
45



E330590-1 FIG. 2-1

HSD SHROUDED PROPELLER TEST
It A I -FRAME IMAGE SYSTEM

UPPER 'W' -FRAME

C4 LOAD CELL FAIRING

IDUMMY "'-FRAME SYSTE1t"K%'

I CLEARANCE

46



E309- HSD SHROUDED PROPELLER TESTFI -

SIDE ARM IMAGE SYSTEM

CLEARANCE

47



E330590-I HSD SHROUDED PROPELLER TEST FIG. 2-3

EFFECT OF SIDE ARM ON NORMAL FORCE COEFFICIENT

0 SYM RUN NO MACH NO. CONFIGURATION 8-3/4

o 18 1 0.02 1 IEB-.,PWTTR 30-i- 2 T - ) ].. .- --i-T ; -
29 1KjN~

A 19 o !

A . ... .il, - ND ----

r 20 t /0.20

i 31 T ND ! I N . -

4 465 030 E

4-47 N i-
- T -468 38 - N +

IV 4694040- -

',,t--,u ... .. . N0tIt~{_
D 475 . 4649 5 NDllT ~H

:I 476 0.50

496 -ND-...481 t 1- 4

.li 5oo - j j !it - i-]-

O0.10 77
I. . -'. . 1.. - . . . - -

0.08 h~ - i - t 4,, i , r

U. 
I " ' ; . . ' ,-I 4 r ,

S 0.04 .. -4" . . .
...1. . .. - -a ? - - -:1- - -  - :- "-1-

0 00

.* T I I, ' ' : , 1 , . . , , ' .; ,

ul- I

0.02 -- t.

z 7

~~~~-002 .... .. . . ... ..... . .
,0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 .2

,,ADVANCE RATIO, J

t4



E330590-1 FIG.!-

HSD SHROUDED PROPELLER TEST

"A11-FRAME DRAG TARE

SYMI RUN NO. IMACH NO. CONFIGURATION 831

0 422 VARY PTR W/O SHROUD B BLADES -

[c e + f j l(APP VI, EQ 12)4

WHERE: f2.71 e

0007 ;~~3T73± W

4' TWO "'- FRAMES

0.006

0.0

± 7L IT~
LL 0004_

50 0.003
D1: EFINED As e IN 2'

CORECTION EQUAT ION kil,

0.00 02 0.6 0.7 1



E330590-1 FIG Y- 5
HSD SHROUDED PROPELLER TEST

COMPARISON OF "A"- FRAME TARE CORRECTION
a WITH TEST DATA

SYM RUN NO JMCHN CONFIGURATION f83/4
0 465 1 . L, C, E, B8 3 PWT T, R RE 30.0

0 488 - zit V AI+ 468 1 1 38.0
489 1__ A0

NOTE . DATA WITHOJT "A"'-FAM'E jSHALFu SYMBOLS) CORRECTED
FOR ONE 'A" -FkAX1F EFFECT iX) ANLu CrMPAREL WITH
DATA OBTAiNED WITH DUMMY "A"-FRAME ADDED
(UNSHADEE. SYMBOLS0)

.t~~~:z .A4 T$ -4
.rt I I{~ Urn q,. 4

1-4 Stft 1

4~ 4 -r qt

1 t~4V t7
a 4 Ci-, =4 4'

t, T _ -I1'I, 1 ,-4

wr 0

14~ 1t '.

K fil

05

L04



E330500-1

APPENDIX VI

HSD SHROUDED PROPELLER TEST
DATA REDUCTION EQUATIONS

I - Preliminary Equations

.HO

P'C R TSC()

P2 p LM2(2)
P' (+ 2 2

,gR Tsc )1/2Vu M,. I,+ Y_-__M2 (3)
02

P Vu2

qu (4)

P Vo
_ where VO :VU @ M<O.2 (5)q= 2

KTI VS TNET @ M>O.2

anT 3/r2~is 4AT qu T

II - Conversion of Strain Gage Readings

"p K2 (TR -TO) (6)

Q p=Kj (QR-0o) (7)
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II - Conversion of Strain Gage Readings (Contd.)

jCuj KT7 (C4  -C 4 ) + Ke(C 5 " -C 50) (8)

Nu K6 (NRk-N3 0) -K4 (NR -NICN. K5 (N2R -N2o) (9)

III- Hub Skin Friction Tare and "A" Frame Tare and Interference

fht: A + BMt where H 0  (PR (lO)

0i -P
O _PU H° -K' ( NO- Pa)

and 86 1/2

Mj. y- ]

Cct fe + f O.2 (i)

IV - Balance Interactions, Hub Buoyancy and Hub Skin Friction Tare Correction

T Tp + fht - K3 (ATR -ATo) Qpqt (13)

Q p - Tp tq (14)
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IV - Balance Interactions, Hub Buoyancy and Hub Skin Friction

Tare Correction (Contd.)

C : Cu-Nun c  (15)

N = Nu-CuCn (16)

V - Conversion of Force Components to Performance Parameters

n : R/60 (17)

0 VoJ= ndp (18)

CF'= -9n' 19)

C @ M<O.2 (20)pndC Ctsi

C t M2O.3 (21)
pnz dp4 +CC

T (22)

CT T " CT + cc (23)

_7:/ ) (24)

0 _

NET 4 (C ) 
(25)
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(Ccn t. )

V - Conversion of Force Components to Performance Parameters (Contd.)

N (26)

VT "ndp (27)

HP= NQ (28)5252

VI - Calculation of Pressure Coefficient

0
q = -2 where VO @ M<0.2 (29)

and Vo Vu ( I + KV @ M> 0.2

Cp m q (30)

VII - Reduction of Traversing Probe Data

Mr PI -P 2
(31)

Or P4-P5 (32)PI -P2

0=f (Or ,Mr) Fro, Fig. 11-5 (33)

54



E330590-1

APPENDrX VI

(Contd.)

VII - Reduiction of Traversing Probe Data (Contd.)

: (Mr ,O) From Fig. II-6 (34)

PS P1 -K (PI-P 2) (35)

r y 7 1/2

MTP Y1  
(36)

V = MTP [ gRTsc I 12  (37)
I I+ Y2 M,

v'= v cose cosZ (38)

0
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HSD SHROUDED PROPELLER 'IEST

Balance Load Cell Slopes

Numerical Value

Constart Description 18-Ft Section 8-Ft Section

Cn  Interaction slope of chord force on 0.021714 0.010630

normal force, lb N/lb/C 0.040650*

K1  Slope of torque strain gage unit read- 0.049140 0.049852

out instrument, ft-lb/sgu

K2  Slope of thrust sgu read-out instrument, 0.072161 0.073019

lb/sgu

K3 Slope of AT sgu read-out instrument, 0.004421 0.008842

lb/sgu

K4 Slope of normal force N1 (upper bending 0.018153 0.017400

moment load cell), read-out instrument, 0.04442*

lb/sgu

K5  Slope of normal force N2 (lower bending 0.019328 0.019460

moment load cell) read-out instrument, 0.053980*

lb/sgu

K6 Slope of normal force N3 (side arm load 0.190553 0.185400

cell), read-out instrument, lb/sgu 0.217760*

K7  Slope of chord force C4 (upper "A"- 0.044366 0.042520

frame load cell), read-out instraiment, 0.042580*

lb/sgu

K8  Slope of chord force C5 (lower "A"- 0.044805 0.043820

frame load cell), read-out 0.044630*

instrument, lb/sgu
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Numerical Value

Constant Description 18-Ft Section 8-Ft Section

K9  Slope of local (hub), total pressure 0.0 0.0202

read-out instrument, psf/sgu

Klo Slope of local (hub) static pressure 0.0288 0.0719

read-out instrument, psf/sgu

nc Interaction slope of normal -0.031438 -0.045426
force on chord, force, lb C/lb N 0.029290*

qt Interaction slope of torque on 0.0 0.0

thrust, lb T/ft-lb Qp

tq Interaction slope of thrust on 0.0 0.0

torque, ft-]b Q/lb T

*Used for con±!guration with propeller plane located at 25% shroud chord (C2 ).

S
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TABLE I

HSD Shrouded Propeller Test

Component Designation Symbols

Figure

AD Chord force "A" frame dummy, (AD) V-1

Bx Propeller hub configuration

where subscript x = 3 3-way nub (B3) 15

= 4 4-way hub (B4) 16

Cx Shroud - propeller plane relationship

where subscript x = 1 propeller plane located at 40% 9
shroud chord, (C1)

= 1SC short chord shroud with
propeller plane located at

40% shroud chord, (ClSC)

= 2 propeller plane located at 9

25% shroud chord, (C2)

Ex Diffuser section

where subscript x = 1 shroud exit area divided by 10
sh-.oud internal area st propeller

equal 1.1, (El)

= 1SC short chord shroud diffuser with
shroud exit area divided by shroud

internal area at propeller equal

1.1, (ElSC)

= 2 shroud exit area divided by shroud

internal area at propeller equal

1.2, (E2)
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(Contd.)

Figure

Ex  Diffuser section (Contd.)

where subscript x = 3 shroud exit area dividpi by shroud

internal area at propeller equal

1.3, (E3)

4 ACA series 16 section with shroud
exi6 area divided by shroud internal

area at propeller equal 1.1, (E4)

Ix  Five inlet guide vanes with numerical superscript indicating 12

deflection angle in degrees. Clockwise rotation when viewed

from tip positive

Lx Inlet lip

where subscript x = 1 inlet lip 1, (U) 11

= 1SC short chord shrcud inlet lip,

(LlSC)

= 2 inlet lip 2, (L2)

ND Side arm dummy, (ND) V-2

Pxx Planform of propeller blades 14-16

where subscript x = R rectangular planform, (PR)

= WT wide tip planform (P-,)

= NT narrow tip planform, (PNT)

PTR Propeller dynamometer, PTR 2

Rx Inlet rake 11-2

where subscript x = 1 20 deg azimuth, (RI)

= 4 270 deg azimuth, (R4)
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Figure

RE Exit rake at 75 deg az*.muth 11-3

TP Traversing probe at 166.5 deg shroud azimuth, at 11-4
trailing ed,-a of basic (El) shroud diffuser (tunnel
station -71.75 in.), (TP)

TP2 Traversing probe at 166.5 deg shroud azimuth, 11-4
immediately downst: eam of blade plane (tunnel
station -82.00 in.), (TP2)

TP3  Traversing probe protruding from tunnel floor at
tunnel station -9 in., (TP3)

Tx Blade tip-shroud clearance

where subscript x = 1 29.925 in. diameter propeller, (Tl)

= 2 29.850 in. diameter propeller, (T2)

= 3 29.700 in. diameter propeller, (T3)

Note: Minimum internal shroud diameter = 30.0 in. for all shrouds

Vx Five exit vanes with numerical superscript indicating deflection 13

angle in degrees. Counterclockwise rotation when viewed from

tip positive.

0
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TABLE II

HSD Shrouded Propeller Test

Test Schedule

I - 18-Ft Test Fection Performance Data (Table V)

Configuration Run Number Figure Number

Ll Cl El B3 PWT Ti Rj 18-21,28,32-36,38-49 18-20,28-34

RE 260-272 28-34

PNT 51-58,213-220 172-176

L2  PWT 61-74 19,20,47-51

LI E2  77-80,82-92 61-65

E3  93-96,101-104,106-116 17,18,75-79

E4  117-129 17,89-93

130-134 27

L E1  PR T1  .75-179,181-186 158-162
I, I
I B4 PNT 188-199 21,22,186-190

B3 PR T2 201-211 200-204

LiSC CISC EISC B3 PNT TI 230-233,235-242 117-121

L1  C1  E1  B3 PR T3 RI RE 247-258 214-218

C2  PWT T1  278-285,287-290 103-107

C1  V 291-303 143-145,152-157

I 304-315 131-133,137-142

LISC CISC ESC B3 PR T3 R, RE 348-351,358-363

61

I



O E330590-1

TABLE II

HSD Shrouded Propeller Test
Test Schedule

II - 18-Ft Test Section Pressure Data

Tabulations Presented
Configuration Run Lumbers *Pressure Tray. Probe

,_,_ _(Table IX)(Table VIII)
L1  Cl E1  33 PWT T1 R4 RE Tp 137-139 - X

)141-143 X

144

i49,150 X

0 B4 PNT Rl 158,159,162,163

B3 PNT 165,166,168,169 X

PR 171-174

PWT 316-321

PR T3  323-326

E3  PWT T1  328,329,331,332

LISC CISE E1SC B3 PWT T1  334,335,340-341

*Surfoace pressures, inlet rake, exit rake
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TABU II

HSD Shrouded Propeller Test

Test Schedule

III - 8-Ft Test Section Performance Date,

Configuration Run Numbers .igure Number

LI C1  E1  B4 PNT TI RI RE 434-446 21,22,191-199

B3 PR 449-458,460,461 163-171

P 463-479,481,482, 25,26)35-46
PWT , ~485-487,702-7o42563-6

I 501-504,722-729 131-136

V 505-508 146-151

E2  509-521 66-74

E3  522-527,529-533 80-88

E4  539-551 94-102

L2  El 552-565 52- 60

L1  C2  5 566-577 108-116

LISC CISC EISC B3 PNT 585-590,592-598,600-603 122-130

LI C1  El PR T2  612-614,616-625)708-713, 205-213
717-720

PNT T1  627-639 177-185

PR T3 641-653 23,24,219-227

I IrPWT Tj I V 730-734

0
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TABLE II

HSD Shrouded Propeller Test

Test Schedule

I -_8-Ft Test Section Pressure Data
Tabulations Presented

Configuration Run Numbers *Pressure Trav.Probe
........ _(Table IX)(Table VIII)

L1 Cl El B3 PR T3 Rl RE Tp 654 X X

655,656

PNT TI 658-66o

B4 ! 662-664

B 3 P,' 666-676o H1 67-679
B3 PR 681-684

E3 PWT 686-688

LlSC CISC ElSC PNT 691-693

LI Cl E1  PWT ' Tp2 695-698,700,701

*Surface pressures, inlet rake, exit rake
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TABLE i

HSD SHROUDED PROPELLER TEST

WIND TUNNEL RUN LOG

TESTCONFIGURATION T34 CONDITIONS TESTCONDICIONS REMARKS
" MACH NO. RPM

PTR installed
1 PTR w/o shroud and blades Varied 0 Calib. 12-2-65

2 j: B1 ERun abortedR

3___,r _Rerun of run 2 ,

10I. Static 11
4 EIB3PRTIRII4Gages 10 0.0 Varied balance lFouling indicatim

5 + Rerun of run 4

Blade
6 + 35 0.02 stress

+ 120 r

8 40 0.10- 0

9 0.20 _

10 30 0.02 Performance Blades damaged

Static
11 4Gages 10 0.0 balance

I Blade12' + 20 L.0.02 stress

13 0.15

14 + 135~ 0 02
15 + .15

+. 4ot 0.10_

17 I0.20

1) 30 0.02 Performance,

19 - 40, - O.i0 ,

i' !0. 20 '

.. . ... .65
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TABLE Z

HSD SHROUDED PROPELLER TEST

WIND TUNNEL RUN LOG

RUN TEST TEST
CONFIGURATION CONDITIONS O9JECTVE REMARKS-O _______________MACH NO. RPM

21 LlCjEIB3PWTTlR 1  30 0.10 Varied Performance Repeat of run 19

22 AD 0.02 T
23 0.10

24 0.20

25 10 0 Static
25__0 balance

26 30 0.20 Performance Repeat of run 24

274o 0.2028 1 1 . .

29 D 0.02

30 0.10

31 0.20

32 0.05

33 0.10 Repeat of run 19

34 __0.20 R epeat of run 20

35 0.05 Repeat of run 32

36 ________20

I Instrumentat ion37 O .1i0 inoperative

A3wj epeat of run 33

39 4o 0.20 Repeat of run 28

40 RE 20 0.10 Rerun of run 37
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HSD SHROUDED PROPELLER TEST

WIND TUNNEL RUN LOG

RUN TEST TEST
No. CONFIGURATION 683/4 CONDITIONS TE REMARKSOSJECTPVE

MACH NO.1 RPM

41 LlClElB3PWTTlRlRE 25 0.05 Varied Performance

42 0.10

43 0.20_ I o--o

44 35I- ,- - - - - -. J

45 ,___,_ 0.10

46 1 0.05

47 30 0.10 Repeat of run 38

49 _______ _ _

Static
50 PNT R1  10 0 balane

51 20 0.05 Performance

52_ 0.10o_.

53 0.20

54 25 0.05

55 0.10

56 0.20, , ,,a - - ,- ,,,- - ,,-- ..

57 30 1
58 " " "i 0.10

59 0,05 Blades damaged

Static
60 L2 WT .10 0 balance
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HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

TESTNO CONFOuIRATION 83/4 CONDITIOS TESTS
NO.OBECTIVE EASMACH NO. RPM

61 L2ClElB 3PwTTlRlRE 20 0.10 Vare Performance

62 0.05

-25

64 0.10

66 30-- - _ _ _

67 0.10

69 35 

70 - 0.10

71 0.20_

72 4o

73 25 Repeat of run 65

74 IRepeat of run 73

Static Aborted
75 0 10 0 balance blade failure

76 !P_

77 20 0.05 Performance

78 0.10 - -

79 2 5  0.05 _

--- - - -_ _ . i i j _ _ _

80 0

68



EX30590-1 TABLE ] i

C) HSD SHROUDED PROPELLER TEST

WIND TUNNEL RUN LOG

RUN I TEST TESTNCONFIGURATION CONDITIONS CTIE REMARKSMACH NO. RPM

Aborted high
81i LIClT2B3PWTlRjR_ 25 0.20 Vare Performance vibration

82 1 _Rerun of run 81

83 30 0.05

84 0.02

85 1_0.10

86 0.20

87 357 0.201 1

88 35 0.10

89 0.02

+0 Tufts 25 0.02
90 00

-I91 +1 20 0.02

9 40 0.20 ___

,93 E32o.02

94 30

95 0.10 _o__

96 0.23

97AD -_____

98 0.1i

99 0.02

100 Repeat of run 99i~00 rr-

i 69

4



E330590-1 TABLE N

HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN ITEST TEST
NO. CONFIGURATION CON.TOS REMARKS08JECTtVE REAS

MACH NO.RP

101 LlClE3B3PwTTIRlRE 30 0.02 VariedPerformance Repeat of run 94

__ _ Repeat of run102 1101

103 0.10 Repeat of run 95

104 0.05

105 AD 0.05

106 20 1

107 0.10

10825 0.02

109 0.054

110 0.10

ll 0.20

.5

113 0.10

1141 0.05

115 0.02

116 40 0.20

117 E4

118 20 0.10

119 0.02

120 ,,. i .25
70
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TABLE X

HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
CONFIGURATION CONDITIONS 0sJCTME REMARKS

MACH NO.1 RPM

121 LIC1E4B 3PTTRjRE 25 0.10 Vare Performance

122 0.20_ _

123 ."--- _ 301

124 0.10

125 0.02 1

126 5 L

127 0.10

128- 0.20 - -

129 0.02 Repeat of
I I I run 126

130 30 0.20 w/o shroud

131 0.10

132 0.05

133 25 0.10

134 0.05
Tunnel fa,-,

135 - - maintenance

Aborted Epsco
136 LCIE1  p 3 0.05 Pressre inoperative

7137 Rerun of run 1361

139 ,750.0
- I il IAborted Epsco

14o R4 0 . 1_.O 50 inoperative

71
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TABLE X

(7) HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST
NO. CONFIGURATION 1&/4 CONITIONS REMARKS

MACH NO. RPM
-- .= . - = =ii

141 lCJE1B3P R4REPp 30 0.10 5500 Pressure

142 6500

143 7

1 25 0.05 5500
Epsco

145 inoperative

147

149 0.05 6500

150 T5Wa _-- _ . __- _ _ _ _

Static
151 B4P Rl iGage 10 0 Van balance

I -Blade

152 + 20 0.02 stress

"53 0.15
154 +o5.02

155 +o.15

S156 + o .1(1

157 + 0.20

158 :30 0.05 5500 Pressure

159 7500,11 1 Aborted, tray

16o . L 0.20 55 probe inoperati
72
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TABLE R

(7) HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TESTTEST
NO. CONFIr.'AT ION k4 CON tTIONS TEST REMARKS

NO. NO. RPM

Tray, probe
161 LCE 1B4PNTTRRlETp 30 0.20 5500 Pressure inoperatve

162 _Rerun of run 160

163 7500
Static

164 B3  10 0 aried balance

165 30 0.05 5500 Pressure

166 1 7500

I167 0.20 5500

168

169_ 7500_ _ _

i 
Static

170 PR 10 0 Vare balance

171 30 0.05 5500 Pressure

172 750

173 0.20 5500

175 20 0.02 aried Performance,

176 0.10

177 25 0.02

178 0.10

- - o.20
I StAtic

180 10 0 balnce
73_

73
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TABLE X

HSD SHROUDED PROPELLER TEST

WIND TUNNEL RUN LOG

TEST TEST
NCONFIGATION 9314 CONDITIONS TECT REMARKSNO OBJECTIVE

- MACH NO. RPM

181 LlClEiBI_ TIRIRE 30 0.20 aried Performance

182 0.10

183 _ 0.02

184 35

185 0.10

186 0.20

Static

187 10 0 balance _

188 20 0.02 Performance

189 0.10

190 - 0.20 -

191 25 0.02

192 0. 10

193 0.20- -
194 30 4

195 0.10
,, I . .

l 0.02

197 35_______

198 J 0.10

199 _ 0.20

Static
200 B3PRT2 10 0 balance

74
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E330590-I TABLE X "

(HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

R I TTESTRU CONFIGURATION CONDITIONS TEST RMARS

NO.13/ OBJECTIVE REAS

201 LlClEIB3PR T2RIRE 20 0.02 aried Performance

202 0.10

203 25 0.02

204 0.10

205 0.20

206 30 0.20 I
207j 0.10

208 0.02

209 35 0.02

210.20

Static
212 PNTTl 10 0 balance

213 120 0.02 Performance

214 12 5s
215 130

2160.05 Rerun of run 59

217 35 0.05
218 oo

219 0.10

220 _ 0.20

75 ..
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TABLE X

HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
NO. CONFIGURAWIN 34 CONDITIONS 01JECTIE REMARKS

MACH NO. RPM
Static

221 LlSCClscElsCB3PTlRREAD 10 - Varied balance

222 30 0.02 Performance Run aborted

223 Rerun of run 222

224 0.10 Blades damaged

Static
225 PST 10 0 balance

226 30 0.02 Performance

227 0.10

02228 0_20

229 35 0.20

230 III
231 010

232 0.02

233 30 0.02
Shroud balance

234 0.10 inetr. inoperativo

235 1

236 0.20

237 20 0.02

238 0.10

239 0.20

24o 0.02
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TABLE

HSD SHROUDED PROPELLER TEST
WiND TUNNEL RUN LOG

RUN TS TEST
NO. CONFIGURATION "9: CONDITIONS OBJECTIVE REMARKSNO.i MACH NO. RPM

241 LlSCClScElSCB3PTTIRIRE 425 0.10 Varied Performance

242 0.20

243 AD ' 0.02

244 0.*10

Static
. ...246 LICE 1  P T10 0 balance

247._ - 20 0.20 Performance

248 0.1-

249 0.02

250 251

F- _251 0.10

252 _0.201

253 3

254 0.10 1__254..... --1.02~- -
255 0.02

256 135
:257 0.10

258 0.20

259 P T 1 Static
2Ii __ ! PT__ 0 balanTei_

L 26 - - - _ 15 L 0.02 Perf ormanc
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TABLE X

HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
NO. CONFIGURATION CONDITIONS TVEKS

MACH NO. RPM

261 L1C1EB WTT1R1RE 15 0.05 aried Performance

262 1__ _ 0.10

263 20 0.02

264 0.15

265 0.20

266 25 0.15

267 - 0.02

268 30 0.15

269 35

270 0.02

271 _40 .10

272 i_ _ 0.15

273 C2 20 0.02

274 0 •_o.io

275 0.02 Rerun of run 27

276 - 0.20

277 30 .-02

278 Rerun of run 277

279 0.10

280 0.20

78
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E330590- I
TABLE X

Q HSD SHROUDED PROPELLER TEST

WIND TUNNEL RUN LOG

RUN TEST TEST
NO. CONFIGURATION 83/4 CONDITIONS OBJECTIVE REMARKS

MACH NO. RP

281 LlC2EIB3PWTTlRIRE 20 0.20 Varied Performance Rerun of run 276

282 0.10 Rerun of run 274

283 I __0. 02  Rerun of run 275

284 !25
285 0. 1o0

286 0.20 borted high
286 .20Ivibration

287 IRerun of run 286

....._ , ,-...

289 0.10 I
290 0.02

291 Cv 0.05

292 I 0.20

293 25

294 0.05

- - -......... - I - - - -- - _ _ _ _ _

95 [ i

296 ,f 0.20

297 35 0.20

298 1 0.05

299 V"I0  '-5

I 7

~ ~ ~ - ---. 79



E330590-I
TABLE N

HSD SHROUDED PROPELLER TEST

WIND TUNNEL RUN LOG

RNTEST ITEST
CONFIGURATION 83/4 CONDITIONS REMARKS

MACH NO. RPM O

301 LCEB3PwTTIRIREv ' 5  25 0.20 Varied Performance

302 1 35 0.20

303 I 0.05 I _

304 • 0 °

305; 0.20

306 25

307 ~0.05

308 1 I

---1-----___309 0 .2oi0

31 i,

311 o0.05

314- 254 0.05{

315 - - -0 ... 20
316iTp 35 0.05 5500 Pressure

317 .. ,75oo0...

O 318 0.20 5500

319 8 7500

.-<-L~ s80
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TABLE X

0 HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
CONFIGURATION CONDITIONS REMARKSNO 6 MACH NO. _RPM OBJECTIVE

321 L1  C1  E1 B3PwTTIRjREI0IOTp 35 0.20 7500 Pressure

Static
322 PR T03  0 Varied balance

323 35 0.05 5500 Pressure

-324- - -- - 7500_ _ _ _ _

325 0.20 5500

326 -- - -7500______

Static
327 E 3 pTT 10 0 Varied balance

08 . 0.05 5500 Pressure

329 7500
Aborted, tray.

330 0.20 5500 probe inoper.

331 "- Rerun of run330

332 70

0333 Llsc CIsc 1 0.05 5500Epsco inope

334 1 Rerun of run 33:

335 0.20

336 0.05 7500 N3 flexure
broken

337 Epsco inoper.

Run aborted
1 338 Iresonant noise

I Run aborted
339 resonant noise

340 __.... Rerun of run336

81
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TABLE X

0 HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
NO CONFIGURATION CONDITIONS TEREMARKSNO. __ -O OBJECTIVE REAK

MACH NO. RPM

341 LISCC1SCElSCB3P.TRRETP 30 0.20 7000 Pressure

342 35 aried Performance

343 Ii

344 _0 o10 _

345 ___

346 Blades damaged

Static

347 PRT_ 10 0 balance

348 35 0.20 Performance

349 0.05

350 - 0.10

351 i 0.05

352 AD

353 0.10

354 0.20

355 I3I

356 0.10

357 0.05

358 - -

359 I . l

0 :zzz. __L:<zzz __82
82



E330590- I
TABLE X

(5) HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
NO. CONFIGURATION 1'3/4 CONDITIONS OBJECTIVE REMARKS

i_ MACH NO. RPM

36_1_j L ?c]scEISd3PRT3R].RE 30 0.20 Variel Performance

362 10 0.05
Final data run

363 0 v in 18-ft section,

I Phase I program in 18-ft test ect on conc] ded J . 7, 1966

J -P stress program conducted f r H ;D under Project No. 330798

and 330821 initiated Jan.P7 66. Data r as 364 to 411 compl ted

O1I~ .... .satisfactorily and PTR removed Jan 12, 1 66.

Phase I program in 8-ft test s cti n initiated April 28, 1966.

Trav.Probe Probe installed
412 Tp3 - 0.20 - Calib. 8-ft sec. 4-28-66

413 _ Varied I = o deg

414 a = 40 deg

415 a = 20 deg

416 -a = 5 deg

417 _a = 10 deg

418 a = 30 deg

* 419 a = 50 deg
a = 0 deg

420  Repeat of Run 41

421a =__ _ deg
robe remov .d421 i -29-66

8 3.....i [il



E330590- I
TABLE Z

(' HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
CONFIGURATION 8314 CONDITIONS REMARKSNO. T - OBJECTIVE

MACH No. RPM

Propeller test rig installed i, 8- t test section pril 29, 19 6.
PTR w/o shroud and

422 blades + R1  Varied lCalib.

423 L~E3R___

424 Rerun of run 423

42 _5

426

427' _ _ - _ _

Static
J 428 EIB4PNTTl + gages 10 0.0 Varied Balance

Blade
429 45 0.30 Stress

430 1______55 0.45 _______

431 50 o.45

432 6 0.60

433 -45 0.30__ Repeat of run 429

434 RE  20 0.20 Performance Repeat of 18-ft
....--20 .- tunnel run 120

435 134 0.30

)'36 8

437 42 :- -.2__ _ _

o 438 4- 0.40

439 I46 0.30I _____

440 __________ T o._o_,_,

44 -_8.40
84



E330590 - I TABLE N

' HSD SHROUDED PROPELLER TEST
WINO TUNNEL RUN LOG

RUN TEST TEST
NO. CONFIGURATION 83/4 CONDITIONS OBJECTIVE REMARKS

MACH NO. RPM

441 L1CIE1B4Pr1TRRE 46 0.50 VariediPerformance

442 50 o.4o

443 0.50

444 
54 o.40

445 0.50

446 58,
i ~Statico~ 

4 487 B R10 0 0B a a c

449 34 0.30 Performance

45o 38 _

451 42

452 0.40

454 46 0.30

4541 o.4o

455 0____50__

4 5 6 5 0 o .4 o ......

57 , 0.50

4581 54 o.4o

459 i.. -N0.5 Thoperatie,

4 0 50-- - - r n a b o r t e d

460o .. .... 11 Rerun of ran 459
85



E330590-;
TABLE X

HSD SHROUDED PROPELLER TEST

WIND TUNNEL RUN LOG

TEST TEST
NO. CONFIGURATION 83/4 CONDITIONS OBJECTIVE REMARKSNO. ~~MACH NO.RP OBETV

461 L1 ClEiB PRTlR1RE_42 0.5 Varied Performance
~Static

462.0 ___ _ 10_0.0Balance

463 25 0.20 Performance

464 30

465 1 . 30_

466 34 j_
467 35 0.20

468 38 0.30

469 f lzi0.40

470 _ _ _ lRepeat of run 46!

471___ 40 0.20 _______

472 42 0.30 _

473 0.40

474 0 . 50 !

475 1 46 0.40 

476 0.50 _ _ _

477 ,_ _ _ o.6o __ _

478 50 0.40

479 0.5o0

480 54 Fouling indicat-)
8 6 r ion
86



E330590- I
TABLE Z

HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
NO CONFIGURATION 6/ CONDITIONS TEREMARKS

MACH NO. RPM

Fouling indicat-481 Ll"1  _____._______ 54 0.50 Varied Performance on- run of

484 Rerun of run 479

Biade- shroudI. 60 interference4841_ 1

485 Rerun of run 4831

486 54 _____

487 58 L__

AD 30 0.30

4o o. 40

491 46

492 - 0.50-- _ __

493 54

494 46 0.40 I Repeat of run 49"

495 ND

496 0.50
30 0.30

4981 38 ____"_

W0 3 0.40 -

87



t E330590-1

TABLE X

C) HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST
NO CONFIGURATION k4 CONDITIONS REMARKS

NO. ~MACHi NO.1 RPM OBETV

501 1 C oR1REI0  42 0.40 Varied Performance _

502 46

503 _ 0.50

504 50

505 V0

506 ,42 o.4o

507 46 - i

Q 5 8 0.50

509 30 0. 30,

510 34

511 38_ _ _ __ _

512 , 0.40
513 _ 42 0.30

514 o.4o

515 L 0.50

5.6 46 o.4o

517 j_ _ 0.50 _ _

518 50 o.4o

_59 0.50

i520o 541 1' !

88



E330590-1 TABLE X

SC) HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TST TEST
NO. CONFIGURATION k4 CONON OJECTVE REMARKS2MACH NO. --

521 LlClE2 B3PWIR, . _ 54 0. 50 Varied Performance Repeat of run 51

522 E_ _ 34 0.30

523 38

524 42 11

525 _ o.4o _

526 46 0.30_

527 o 0.40

Windmill speed
528 if 0.50 too high.No data r

529 50 o.4o

530 0 i .50 __

53----Repeat of run 53

533 58__'1

533 1 54 0.40

534 AD 38 0.30

535 . . . .4__ 2 o.4o

536 46 0.30

537 .. . ._ 50 0.50

Q - 24L 538 o.4o

539 E4 I 30 0.30 *

154o3

89
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E330590-I
TABLE X

HSD SHROUDED PR OPELLER TEST
WIND TUNNEl. RUN LOG

RUN TEST TEST
NO. CONFIGURATION NiTIS REMARKSM NOR OBJECTIVEMACH 1N0ORP

541 LjClE4B3PwTR1RE 38 0.30 Varied Performance

542 _ I' 110.40 ,

543 _ 42 0.30 -

544 o.40

545 0 0.50 ,

546 _46 0.40
547 _______ 4 0.50 ___

548 50 0.40

549 , o.50s,

55o 54 5

551 142 1 0.30 Repeat of run 54'

552 oE I30 0.3i !

553 ,_ _ 34 _

554 ji38ii___
555 , o.41

556 042 0.31

558 0.52 _I° '

559 _46 o.41

560 0.52

90
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E330590- I
TABLE X

HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
NO. CONFIGURATION k3/4 CONDITIONS OJCTIV REMARKSMACH NO. RPM

561 L2ClElB 3PTTlRlRE 50 0.41 Varied Performance

562 L 0.52

563 54 I _ _ _

564 i 34 0.31 Repeat of run 55-

565 - ILRepeat of run 5&

566 LC_ 30

567 34

568 38 _

569 0.41

570 42 0.31

572 I0.52
573 146 0.41

574 L 0.52

575 50 o.41

576 T 0.52

577--_ 54

o79 578 AD _ _ 30 o -31-_

580 1 - - _ _ 0.41 I_ _

91



E330590- I TABLE 
X

~,C) HSD SHRO UDED PROPELLER TEST
WIND TUNNEL RU LOG

RUN TEST TEST

NO. CONFIGURATION CONDITIONS OBJECTIVE REMARKS
MACH NO. RPM

581 L1  C2 El B3PWTTIRIREAD 046 .41 V ed Performance

582 0.52

583 54_______

Static
584 LlScCIsCESC PT 10 0.0 Balance

585 30 0.31 Performance_

586 34

587 38 __

588 o.41

589 42 0.31

590 _ 0.41

591 0.52 Windmill speed591] .5 too h gb.No ata_

592 _ 0.41 ... Repeat of run 59C

593 46 0.31

594 0.41

595 0.52

596 50 o.41

597 _ _ 0.52

598 54
59 4Repeat of run 59r

run aborted

6oo , rerun of run 599
92



E330590-1
TABLE X

0HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
NO, CONFIGURATION 83/4 CONDITIONS OBJECTIVE REMARKS

MACH NO. RPM

601 L1SCCjSCEISCB3.TT1R1RE 46 0.31 Varied Performance .,epeat of run 591

602 0.41 Repeat of run 594
]1

603 Repeat of run 602

604 AD

605 Repeat of run 604

6o6 0.52

607 30 0.31

608 31

6 o o.41

610 5 0.52
I , IStatic

611 LI CI 1 E PRT 2  11 0.0 1 Balance

612 301 0.31 1 Performance_

613 341 1 1

614 38
Large static zer r

615 o.41 shift on N1

62.6 _ Rerun of run 615

617 [42 0.31

618 o.41 I

619 o. __

620 o, 0.41

93



E330590-1

TABLE N

Li HSD SHROUDED PROPELLER TEST
WI ND TUNNEL RUN LOG

RUN TESTCONDITIONS REMARKS

NO. CONFIGURATION -0/4 OBJECTIVEMACH NO. P

621 LlClE B T2R1RE 46 0.52 Varied Performance

622 501 ).41.

623 0.-52

624 54

625 34 0.31 Repeat of run 61,

Static
626 10 0.0 Balance _

627 30 0.31 Performance

628 34

629 _ _...38

63o o.41

631 42 0.31

632 0.41

633 __0.52

634 I58

635 46 o.41

636 0.52

637 50 0.41

Q 638 1, --- 0.52

639 L54 _

i Static
64 oPR_1'3 101 0.0 Balance

94
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TABLE X

HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN! ! TEST TEST

NO. CONFIGURATION &14 CONDITIONS REMARKSN MACH NO. RPM OBJECTVE

641 L!ClElB3PR T3RIRE 30 0.30 Varied Performance

642 J 344

644 - .- .40 o _ _ _ _

645 -42 0.30

6b6 0.40 __.._

607 0650

648 34 0.30 Repeat of run 64

64o 46 0.40f

65c0_ 0.50

651 5 0.40-

6q-^,C-- 1 0.50

653 ___I 
_

654 _ Tp 38 0.30 Pressure

655 46 o.4o

650 v--- 50 0.50 at5O O. 5OStatic

657 10 0.0 Balance

O 658 38 0.30 PressureI659 I4 o.40 4

66 50 0.0___
95
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TABLE R

HSD SHROUDED PROPELLER TEST
WIND TUNNEL RUN LOG

RUN TEST TEST
NU CONFIGUiATON R E OBJECTIVE RMARKSNO. 8/ O TA BETV

MACH NO. RPM

Static
661 LlClEIB4PzTTIRlRETP 10 0.0 Vried Balance

662 38 0.30 Pressure

663 46 0.40 _

664 50 0.50
Static

665 O 10 0.0 _ Balace

666 30 0.20 Pressure

667 34 O.30 _

668 35 0.20

669 38 0.30 _

670 _ 42 0.40

672 -_0.50

673 _ _ 50 _ _ _

67 5Blade-shrou

- , 0. I -0 interference

675 54 0.40 _

676 46 Repeat of rn 67

677 10 42

678 46--tm, __

Static
680 1_'_ 0 0 Balance

96
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TABLE K

HSD SHROUDED PROPELLER TEST
WIND TUNNEL RU LOG

RUN TEST
1,1O. CONFIGURATION 83-4 CONDITIONS OBJECTIVE REMARKS

MACH NO. RPK

681 LI  CI E1  B3PR TlRlRETP 38 0.30 Varied Pressure
682 50 0.40

683 0 0.50

684 -_ -46 o.4o ,_

10 0.0Static
685 . 10 0.0 Balance

686 42 0.30 Pressure

687 50 0.40

O 688 58 0.50
Static

689 I 3CC] scEIsC PNT 10 0.0 Balance9 :Tp not in posi-

690 i42 0.30 Pressure tionrun aborted

691 
- I IRerun of run 690

692 46 o.4o
693 - - 50 -. 5r"-

Static694 L1 C1  El B3 T2 i . Balance

695 34 0.30 5500 Pressure

696 38

697" 42 0.4

O 698 46
699High vibration,6 99run aborted

700 Rerun of run 69.
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TABLE X

HSD SHROUDED PROPELLER TEST

0 WIND TUNNEL RUN LOG

RUN TEST TEST
CONFIGURATION 83/4 CONOITIONS TESTRKNO. OBJECTIVE REMARKSMACH NO. RPM

701 LlClEIB 3PwTTlRlRETP2  50 0.50 5500 Pressure

702 15 0.10 Varied Performance Reverse thrust

703 10

7o_4" 5 ,,
Static

705 T 10 0.0 _ Balance _

Blade angle

706 30 0.30 Performance setting off

707 34 I iI

708 I Rerun of run 707

709 38 _ _ _

710 o.40

711 30 0.30 Rerun of run 706

712 42
713 0.40

High vibration,

714 -. 0.50 run aborted

715 46 0.40 __

Static
716 10 0.0 Balance

717 46 0.52 Performance

718 50 0.42

-k 719 
0.52i :: 54
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TABLE Z

HSD SHROUDED PROPELLER TEST
WIND TUNWN.EL RUN LOG

RUN TEST TEST
CONFIWRATION 8 CONDITIONS OEVE REMARKS

MACH NO. RPM

0 Static
721 LlClElB3PwTTlRlREI 10 0.0 Varied Balance

722 - 34 o.32 Performance

723 _ _38 $
724 042 .42 Repeat of run 501

725 Repeat of run (24

T26 11 0.40 Repeat of run 72

727 50 -

728 54 0.50

729 42 0.30

730 V°  0.40

731 _ E r i z ___

732 38 0. 30

733 46 o.50 _ _ _

734 I 1 42 0.40 -

Phase I program in 8-ft tert s cti n conclu ed May 16, 1966.

1-P stress program conducted for HS) under oject o. 330821 a d 330899

initiated May 16, 1966. Data fls 35 to 75 compted satisfa .torily and

PTR removed May 19, 1906.
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BALANCE SYSTEM

C4 LOAD CELL HOUSING

SUPPORT POINT, P,

EXTENSION SHAFT FAIRING

.79
"A" - FRAME~\

PIVOTS

SIDE ARM

SUPPORT POINT, P3

SUPPORT POINT, P

C5 LOAD CELL HOUS:NG
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HSD SHROUDED PROPELLER TEST

SCHEMATIC DIAGRAM OF SHROUD BALANCE

N = N3 -N I -N 2

C = C4 +C 5

Yl TOP VIEW

N 2-500 LB LOAD CELLS
TO MEASURE C4 ,CS

AkRFLC)WPIVOT

cIP~ I- . - pp C4 1,C1

1 0-2-150 LB LOAD CELLS~TO MEASUR.JE N, , Nt

WOO LB LOAD CELL BY CALIBRATION
T10 MEASURE NS  N OF BENDING MOMENT

FRONT VIEW SIDE VIEW

z

No C

p 
I PIVOT

Np Ns

I C

IM
.O *j Wtttrdt&% MA4 --
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HSD SHROUDED PROPELLER TEST

MODEL PROPELLER TEST DYNAMOMETER INSTALLED IN 8-FT TEST SECTION

VIEW LOOKING DOWNSTREAM

it -i

SPED BUM
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HSD SHROUDED PROPELLER TEST

k MODEL PROPELLER TEST DYNAMOMETER INSTALLED IN 8-FT TEST SECTION

VIEW LOOKING UPSTREAM

(

f+ 7,
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HSD SHROUDED PROPELLER TEST

SHROUD SUF PORT RING INSTALLATION

SPACER

SUPPORT RING - \

i (

ATTACHMENT POINTS FOR
SHROUD AXIAL LOCATION, CxIV
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HSD SHROUDED PROPELLER TEST

Cc SHROUD DIFFUSER AND EXIT VANE INSTALLATION

DIFFUSER, EX

EXIT ANES, VX
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FIG. 11

HSD SHROUDED PROPELLER TEST

(9 SHROUD CENTER SECTION AND LIP INSTALLATION

INLET UIP, LX

I STATIC PRESSURE ORIFICES

KN3 LOAD CELL FAIRING



E330590-1 FIG. 12

HSD SHROUDED PROPELLER TEST

COMPLETE MODEL SHOWING SPINNER AND INLET VANES INSTALLED

J4

INLET VANES, IX

L-
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I HSD SHROUDED PROPELLER TEST
I COMPLETE MODEL SHOWING EXIT VANES AND EXIT RAKE INSTALLED

(7T)ANSV
EXTRAEf
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HSD SHROUDED PROPELLER TEST
PROPELLER TEST BLADES

3-WAY 3 -WAY 3-WAY 4-WAY

RECTANGULAR, PR WIDE TIP, P NARRW TIP, P NARRO)W TIP,PN

R W N N

4,
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HSD SHROUDED PROPELLER TEST
RECTANGULAR BLADES INSTALLED IN 3-WAY HUB

1%~

I& ~ g'

ev
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HSD SHROUDED PROPELLER TEST

INARROW TIP BLADES WITH STRAIN GAGE INSTRUMENTATION

INSTALLED IN 4-WAY HUB



E33050--lHSD SHROUDED PROPELLER TESTFI.1
COMPARISON OF DATA REPEATABILITY IN 18- FT TEST SECTION

SYM RUN NO. MACH NO. CONFIGURATION 03/4

0 94 0.02 __L,CE 3 B3 PWTT, R, RE 30
L 102 171L

Ill 126 35-

41 t V+

w
WZ0. 0.1 0.2

LIT

0 o~~I 7 0.(7) 0.t6 r~

0.6 Ii i

ii ,1" i. - - - . ,i

1: 4- 11jtI~ -i, r

'V1+ 14H -

__ 44 4:4 1T !

0. 0.24* ~

041 0. 41F
0.2 0.3 01 0. .

I



E330590-1 FIG. 18
HSD SHROUDED PROPELLER TEST

COMPARISON OF DATA REPEATABILITY IN 18- FT TrEST SECTION101 U9 01 _LCEBPTII3

SYM RIN NO. MACH 90. CONFIGURATION 83 G/4~

21T

(~~~)1 1. 103r~4 ~4

0.3 - 7 - = :5: .

~~-- T4 f 4

2, tt

it;L, 101

'414'; tttArd
0-0

00.3~ 0.005..

ADVNC RAIO Jc



FIG. 19
E330590-1 HSD SHROUDED PROPELLER TEST

COMPARISON OF DATA REPEATABILITY IN 18- FT TEST SECTION
SYM RUN NO. MACH NO. CONFIGURATIONas00 73 0.20 LZCI E. B3PWTTj R IRE 2

E 20 L,30

0 34 Il
100 1.0 - .r-- ---- T

OPE SYMBOLS 7-l

z T. , - :T

-SOLI Y -

50 0.9 ~ jr .....

44

.L p

cF 4-j-,
417

0- iK 4-
50 0- 0.I

0.6 0r . 21 . 82
ADAC0AI
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COMPARISON OF DATA REPEATABILITY IN 18 - FT TEST SECTION
SYM RUN NO. 00d NO. CONFIGURATION 8V73 02 25

o ~ .20LCEI 3 PWTT, RRE

A 74zi

1 20 L30

100

...... z 71, ILI

90~ +

LI t~ d I4p; h tt 4 ±i5{F4 1 2

T 4107
0.60.81.01.21.61.82. ADAiC RATI T '

~~~naaf ~t44 t4~4,~S ~ 5 S~~&~t ~ i~t. ~~a ~4i44~t~Sit A 44
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COMPARISON OF DATA IN 18- AND 8--FT TEST SECTIONS

SY RUN NO. MACH NO. j CONF~GURATION 8^
01 ;90 1 8 FT) 0.20 LICiEl B4 PNTTI R1 RE 20

A 434 (8 FT) T

'00OT. 17 -OPEN SYMBOLS Cp -SOLID SYMBOLS --

-f 1.A :; -t

:+T iI., 2,

+,~~t- Tn fa

L I 1 1~ t'rr

4 -

T_

rji .4:

4 -fi ' +' I. a. '11

20 027 W' -E

I 'T *' - L- -:jw J~ I I t t J

~~~~~1 4T__ _ _ _ _ _ _ _.

06 08 10 A- 416 ..
ADVNC AAI,



E33090-1HSO SHROUDED PROPELLER TEST FG2
COMPARISON OF DATA IN 18 - AND 8 - FT TEST SECTIONS

SYM RUN NO. MAC NO.~ CONFIGURATION 8/

A434(8FIT) F7J

00 t 1-7 :1 4-' 4+ 2
80

itv -

it-4 771 r-__ P7,4Il P
30 +~J Ti424>

wVTtr

'II Ii74

Ku 74 44
'U 1 -f: L t 1I

0.t08,. 1.4 7. 1. 2.0

P 114$ 1~., ITn.f ~ '~A t 't, ,.
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HSD SHROUDED PROPELLER TEST I

COMPARISON OF DATA REPEATABILITY IN 8 - FT TEST SECTION

C SYM RUN NO. MAfN. CONFIGURATIONN/

NOTE' 17 OPEN S'fMBOLS Cp SOLID SYMBOLS
100 10 "~~4 ' TF ..

d F. ..

~

f T_

80 08.9.

.1-~~- +~V N 11 ' ~

80 0. 8 -.... -t4
44 -

( )6O-, 47 t..
IT t I.- .1 4 1 4I 4

50~~~~~~~~~~ '.. 0. - t 4 ~ ' i + v j.- ~ < ' L 4-

L.) - ~H 4 ~ 4

14 Trz 1. 4tv, TL~

wL w 1

1t: 411
350 u.0.3 Ii-

2 0 0.2 .1

4T4 1+

IT T rvrm

0.6 08 40 12 16 8 2
ADACERTI7

Vi" ..
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 24

COMPARISON OF DATA REPEATABILITY IN 8 - FT TEST SECTION

SYM RUN NO.-j MACH4 NO. j CONFIGURATION 9/

0 642 030 LiCiEiB3 PRT 3 R, RE 34
A 648

100 4 iI }fi7lJ 4

":1"
41 +7 i 7 -1 F

80t T<1+

>'1~i T'4 44 T_ -

!I it 4:t

30T T~ 4 *

4V '4,

0.6 08 1 2 141H8 2
ADVtC RATO4



E330590-1 FIG 25
HSD SHROUDED PROPELLER TEST

COMPARISON OF DATA REPEATABILITY IN 8 - FT TEST SECTION
SYM RUN NO, MACH NO. CONFIGURATION 831

0 469 0.40 LIIEB 3 PWTTI R1 RE 38

S 470 f
0 479 50

482

80 0.8 ,

-e

80o 0.5 {j- 4 l+

0r 4 NOTE' }7 -OPN YMOL

30 0.3 4 I

2 0 0.6

2_ __47 t

0 IIL 0.5f ~'r~21 2 5 2 9 3
ADAC RA0
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HSD SHROUDED PROPELLER TEST
COMPARISON OF DATA REPEATABILITY IN 8 - FT TEST SFTCTJON

SYM RUN NO. MACH NO. CONFIGURATION 9/

o 469 0.40 L IC IE'I B3 PWTTI R IRE 38

& 470

0 47925

100 0 482 If 1If I fl]7if

U T,

'4I

q4 t Rt - I

8- 4+t A
11 41 .K 1 'V

5TI '$74
(E0W 

1-t41  4 I

30 <mt

# TI- I tP I 444- 4 ++~jk~jx 1+
50 J 4Li 2E :777- RV Tf -{It :11 ii

1.5 [ 1.9 2.1 2 as $ 3.



E330590-1 HSD SHROUDED PROPELLER TEST FIG. 27

C ~ EFFECT OF BLADE ANGLE ON PROPELLER PERFORMANCE

SM RUN NO MACH NO CONFIGURATION 0/

El 1413 0.05,010 B3 PWTR, RE 25
132,131 30

MACH NO. 0.05 MACH NO. 0.10

0.3 0.3

w0

LL L

0 u i+Jf

JO.4 .04 .....

0. 0 . 4.

I~ Z, -', 
"

0 0.6. . . 03.45 .
ADVANE RAIO, t



E330590-1HSD SHROUDED PROPELLER TESTFI.2
EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE()SYM RUN NO MACH NO CONFIGURATION 83/4

0 260,261 0.02,005 L ICI E IB 3 PWT T, RIR E, RE 15

& 263,36 I __20

~267,41 j __ RE 25

_____ -32 _ 30

MACH NO. 0.02 MACH NO. 0.05

C4-4
0.2 0.1

0 ' '1

~4 tt
~2LII 06 UL i .6,'.

0 ~ 0~ -1V 4iJ~r

+ L)

T ~00 .,. .300 .203

ADAC RAIO



E33090-1FIG. 29
HSD SHROUDED PROPELLER TEST

EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO MACH NO. CONFIGURATION 03/4

o 260,261 002,005 LIC IE IB 3 PWTTj RIRE,RE 15

A 263,36 1 f 1 1j 1- 20
o 267,41 # It IRE 25

0- ,32 -14 11 - 30

AI 270,46 t _ !j t, ,RE T351

MACH NO. 0.02 MACH NO, 0.05

0 .303TI
z4I-

E 0.0 4M

Ft 0 I 0 ++

0~ 0.

0.0.

'0.2 .
I49

w

00.4

0j q
0 01 02 300. 0. 0. .4

ADVANCE RATIOA
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EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMAINCE
SYM RUN NO MACH NO. I CONFIGURATION 83/4

0262, - 0 10,- LICtE.B3PWT I RIRE,RE_ 15
3726 I_ 0.15 20

0 42 ,266 1~ 1 1  E '{ 25
0_ 33 ,268 ___ _ 30

J 45,269 tliiRE, __35

271,272 ~ E _40

MACH NO.. 0.10 MACH NO. 0.15

z~z-

zj LdJ
002

u L.

c 0.1 U .
D

()4< 2<0,6 4

i--

0.5 ~0.3 4

d1: 7'i~, .h~# .

1- 4, t",-44 t.Ti,4

~t .00 0 11 U . 0. 0. 0,9MM l 4

ADACu AI
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EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE
toSYM RUN NO MACH NO _ CONFIGURATION _3/

0 22-00, - ILICIE1 13PWTTI RIRE,RE 15_
ZA 37,264 J 0.15 20 __

42,2E6 I RE, 1 2
Q 33,268 1_ 30
AJ 45,269 ' __RE, _ 35

V 21 ,72____f RE, 40

MACH NO, 0.10 MACH NO. 0.15

z

0.2 L .

W LL

o 0.1 u

00

IL
0 L

4- 02

WL .i fai~~ V4 lilIz i z 4

0.4

0.3 0,4 0.5 0.6 01.5, . . .
ADV4C RAT111111,J'



E330590-1 HSD SHROUDED PROPELLER TEST FIG. 32

EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO , MACH NO. CONFIGURATION ej3/4

S265 020 LICj E I 3PWTrTi RIRE 2

~344 30
'd 44 3

Lv 39 7 40_

100 7 _T

90 '~~ tiI I4i~tjI

44

I24

4 ..-i ..4 . 12. .1
4L 4d_{f 4

4i 444..

4-vp4- I 1,4 7

50~~ADAC RATI , 'J j 1 ,T-



E330590-1 HSD SHROUDED PROPELLER TEST FIC.33

EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE
JISYM RUN NO MACHN CONFIGURATION 03/

A 265 020___ LICI 1 t8 3 PWrTT R IRE 20

0 43___ __ 25

<> 34 _ __ 30

16 44 __RE *35
tv 3 ___ ______ 40

44 LI.-

Yt 4

.- V -411-

41TIy'.+ L 4%

T -4'7 ..h4 t7 ':I T±.7-V V ,~~
0.6 0.8 1.0 1.2.461. 0 .

ADVANCE T4TO



E330590-1 HSD SHROUDED PROPELLER TEST FIG. 34

( ) EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION S/4

A 265 020 L, CE B 3 P WTT R IR E 20

0 34 VV__30
J~ 44 R -[iiI E 35

39 ffi W4H _ 4

17 JAI

00

04 4 
#~~1'r-

w it :1 i13

0.

-T-

0 12468 0 2

4> - 4
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-EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MAC)4 NO. CONFIGURATION 83/4

0, 465 030 LiCt ElB 3 PWT TIRI RE 30

A3 46~6 37

V 468 38

D A1724

100

17 17 7t

90

4- I-j-

3 0' , 1 '1 1 -T! i I

4-;4
20 i 't~ 7

~~~~~~~~ 1Ii fLLLfIji1Ji.. / - 4~i

ADAC rI J
V' 11"I+



E330590-1 WSD SHROUDED PROPELLER TEST FIG. 36

EFFECT OF dLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 8/

<) 465 030 LICI E IB3 PWTTI RRE 30

zI 466 3

v 468 3

100 - r ~ r ~ ~ - _

tr_ -T-22

90 Ti4 Jti:

-144

T 504
U -~ -4 -4

2 1

40V -- I.r-~

LmJ4 17r,_ 4 P,''' '

370 .1-j-j t';

20 ~jst. 1 ItL

0 ~~ at-'''I

60 ii7
g( KI..I~ r 114t L~

06 OU 10 12 416B 202
ADANERAIO"
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O EFFECT OF BLADE ANGLE- -ON SHROUDED PROPELLER PERFORMANCE

SYM 11UN 40. TMACH NO. CONFIGURATION /
0$ 465 10.30 LC1ElB 3 PWT TI RlRE }30
A 466 1L "I~~ZT 34

V 468 138

D 47L 2

08

I C) 0.2 -

U.

2 4 t 4-
~0

U 0 4

CL 4444 L 44

0.2{ y§

44*~4 4777 t4

-a:
4?~ N W *.r. 4 0t._4~



E0590-1 FIG 38
HSD SHROUDED PROPELLER TEST

E3EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO, CONFIGURATION O~

v 469 040 LICIEIB 3 PWTT RIR 8 384

D 473 42

L 47'5 46

100 C__ _ _ _ 478 s

80 _

12- 1~4 2~~

60 ,Q4tr

TT II bT 414:§fi~

14 2L
15~ ~ 17 1 1 2 .7 2.9 3.1

ADVNC RATO
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HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 83/4

V 469 0.40 LI CI, 83 PWrTT R, RIE 38

D 473 42

6h 475 4

10 478 50

90

4z + 1 -

8 0 T --ti --i -V

20 4

a.. 60 m LV

V 4A ANC RTI -1 J 1t



E33090-1HSD SHROUDED PROPELLER TESTFI.4
EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACN NO. COtJPIGURAflON /

v 469 0.40 LICI ElB3 PWTTI RIRE 38
D 473 j42

ts 475 j46
O 47850--1.0+Li -$~ " t t .___

CT,

IL- - 'r- i iI

-Y 4<

tsr47 N 4, - -~ IA T <
ILL

ADVNC RATIOJ J
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HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER__PERFORMANCEOSYM RUN NO. MACH NO. CONFIGURATION 0314

b. 476 46

o1 479 1 1150
o0 481 L -254

00

"11t -4

J* 4

ft it
0 ~ ~"p~jmZ

'9 2 23 5 27 29 333 3
ADACERTI0



E330590-1 FIG. 4 2

EFFCTOFHSD SHROUDED PROPELLER TEST
EFFET OFBLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 83/4

D 474 0.50 LICI El B3 PWTrI RI RE 42

S476 46

479__ +1 50

0 481 54

1004_

ihJJ i~

90 1-1
4. __ 1T 4 4

80 t,~ii~ ,
9~~~~~f 21 2t5 7 243 3 3ADVANC RATT
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EFFEC"T OF__BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 95/4

D f474 050 LICIE 1 B3 PWT T RIR7E 42

L 476_____________ 46

( 479 50

I-

07

w

0i

09

r#

w

03

9~~f 2i N-15 79 ' 3
ADACERTIA
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HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO., MACH NO CONFIGURATION 4

b. 477 060 LC EI B 3 PWTTI RIRE 46

(1 485 50__

486 5LHT 487 1IIf1 ff5
100J

90t f

J--44ff,
IL.~4 t4 _____

~~~4' 2 4 -P
1 T,80 L~.~I~{t

23 25 2' 29 317 3 5 73
ADVNC RATIO J- 4
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HSD SHROUDED PROPELLER TEST
( ) EFFECT OF BLADE ANGLE ON SHROUDEr PROPELLER PERFORMANCE

SYM RUN NO. I MACH NO. CONFIGURATION 8/

47 00LIC 1 El 83 PWTTI R, RE 46

0 485 50

a 487 __ 5

100 4-

80 .- -- -

9 0 4-

_ -t __

-4-.
23 25

ADACERTIo



E 330590-1 HSD SHROUDED PROPELLER TEST FIG. 46

EFFECT OF BLADE ANGLE ON SHROUDED PROPELLER PERFORMANCE
S RUN NO. MACH NO. CONFIGURATION4

477r 060 LICIE I B-5PWTIRRE f46
485 _[50

0... 486L54
a 487 j58

0ii

0.

w 07 ~K;F7~ 1

wU. I -I
05 II-

0I 2 2~ ~" -vti Jt
23- 25 242 33 3 7 3

1-4 4 - 4+ -4



E330590-1 FIG. 47

HSD SHROUDED PROPELLER TESTI EFFECT OF INLET LIP (L2) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO MACH NO. CONFIGURATION 0/

/1 62,61 005,0.10 LZ C, E, B3 PWTTI R, RE 20

0l 63,64 ILI __25

S68,67 ___30
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E330590-1 HSD SHROUDED PROPELLER TEST FIG 48

EFFECT OF INLET LIP (L2) ON SHROUDED PROPELLER PERFORMANCE
SYM' RUN NO__MACHNO CONFIGURATION 31
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E330590-1 FIG. 49
HSD SHROUDED PROPELLER TEST

EFFECT OF INLET LIP (L2) ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 03/4
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E330590-1FIG. 5 0
HSD SHROUDED PROPELLER TEST

(EFFECT OF INLET LIP (1-2 ) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 83/4
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F E33590..i OF__SD SHROUDED PROPELLER TEST FG5

EFFCT F ILE LIP (1-2) ON SHROUDlED PROPELLER PERFORMANCE
SMRNNO. MACH NO. CONFIGURATION3/
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E330590-1 FIG.52
HSD SHROUDED PROPELLER TEST

EFFECT OF INLET LIP (L 2 ) ON SHROUDED PROPELLER PERFORMANCE()SYM RUN NO. MACH NO. CONFIGURATION 8/
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 53

EFFECT OF INLET LIP (L2 ) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 83/4
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E3501HSD SHROUDED PROPELLER TEST FIG.54O EFFECT OF INLET LIP (L2) ON SHROUDED PROPELLER PERFORMANCE

SYM RUM NO. MACH MO. CONFIGURATION 8 3/4
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E330590-1I FIG. 55
HSD SHROUDED PROPELLER TEST

EFFECT OF INLET LIP (L2-) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO., MACH NO. CONFIGURATION 4
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E330590-1I FIG. 56

HSD SHROUDED PROPELLER TEST
) EFFECT OF INLETLIP (L2) ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 83/4
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E 33090-1HSD SHROUDED PROPELLER TESTFI.5
EFFECT OF INLETLIP (L2) 01 SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 1 /
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E330590-1I FIG. 58
HSD SHROUDED PROPELLER TEST

EFFECT OF INLET LIP (L2 ) ON SHROUDED PROPELLER PERFORMANCE(i ~SYM RUN NO. MACH NO. CONFIGURATION 8314
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E330590-1I FIG. 59

HSD SHROUDED PROPELLER TEST
EF,:_ECT OF INLET LIP ( L2 ) ON SHROUDED PROPELLER PERFORMANCE

SYM 1 RUN4 NO MAH-) CONFIGUR~ATION 63/4
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E330590-1 FIG. 60
HSD SHROUDED PROPELLER TEST

EFFECT OF INLET LIP (L2) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MAC NO. CONFIGURATION 19 3/4
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E330590 -1 FIG. 61
HSD SHROUDED PROPELLER TEST

Ejj EFFECT OF D IFFUSER (E2 ) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 03/4
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E330590-1 FIG. 62
HSD SHROUDED PROPELLER TEST

EFFECT OF DIFFUSER (E2 ) ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 83/4
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E330590-1 FIG. 63

HSD SHROUDED PROPELLER TEST
EFFECT OF DIFFUSER (E 2 ) ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 03/4
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E330590-1 FIG. 64

HSD SHROUDED PROPELLER TEST
EFFECT OF DIFFUSER (E2 ) ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 03/4
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E330590-1 HSD SHROUDED PROPELLER TEST FG 6

EFFECT OF DIFFUSER (E,-) ON SHROUDED PROPELLER PERFORMANE

SYM RUN NO. MACH NO. CONFIGURATION 1
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 66

EFFECT OF DIFFUSER (E 2 ) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NG._ MACH NO. CONFIGURATION
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E330590-1 r4S SHROUDED PROPFI.LER TEST FIG.67

EFFECT OF DIFFUSER (E2) ON SHROUDE.D PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 83/4
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E33090-1HSD SHROUDED PROPELLER TEST FG6

( ) EFFECT OF DIFFUSER (E2) ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 3/
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E350590-1I FIG 69

HSD SHROUDED PROPELLER TEST
EFFECT OF DIFFUSER (E2) ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 FIG. 70
HSD SHROUDED PROPELLER TESTOf EFFECT OF DIFFUSER (E2 ) ON SHROUDED PROPELLER PERFORMANCE
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E33090-1HSD SHROUDED PROPELLER TEST FG7

EFFECT OF__DIFFUSER (E2) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO, CQNIFI0JRATION *9/4
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E330590-1I HSD SHROUDED PROPELLER TEST FIG.72

EFFECT OF DIFFUSER (E2) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 93/
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 7 3

EFFECT OF DIFFUSER (E2) ON SHROUDED PROPELLER PERFORMANCEAV v
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E 33090-1HSD SHROUDED PROPELLER TESTFI.7
EFFECT OF DIFFUSER (E2) ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACN NO. CONFIGURATION541

D 515 050 ___ IE,2 B3 PWTTI RRE 42

__0 520 __ 4

to0 ___T - I

T ITIT

4--, L 1 7

7 A;

T-r

v- v1 4 14
7 t

0 K~ 4 Li~ ___
19 2 3 2 U2 1 3



E330590-1HSD SHROUDED PROPELLER TESTFI.7
EFFECT OF DIFFUSER (EA) ON SHROUDED PROPELLER PERFORMANCE
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E330590-1HSD SHROUDED PROPELLER TEST FG7

EFFECT OF DIFFUSER (E.3 ) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 83/4
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E330590-1 FIG.7 7
HSD SHROUDED PROPELLER TEST

_EFFECT OF DIFFUSER (E3) ON SHROUDED PROPELLER PERFORMANCE
__SYV RUN NO. MACH NO. CONFIGURATION 83/4
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E330590-- FIG.78
HSD SHROUDED PROPELLER TEST

EFFECT OF DIFFUSER (E3) ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 65/4
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E330590-1IS HODDPOELRTS FIG.79

EFEC O DFFSER(3O SHROUDED PROPELLER EST RMNC
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E33090-1HSD SHROUDED PROPELLER TEST FG8
EFFECT OF DIFFUSER (E3 ) ON SHROUDED PROPELLER PERFORMANCE
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E30590-1 HSD SWROUDED PROPELLER TEST FIG. 81
E3EFFECT OF DIFFUSER (E3 ) ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 82

EFFECT OF DIFFUSER (E3) ON SHROUDED PROPELLER PE!fl'FORMANCE
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E330590-1 FIG 83
HSD SHROUDED PROPELLER TEST

__EFFECT OF DIFFUSER (E3 ) ON SHROUDED PROPELLER PERFORMANCE
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E330590-1I FIG. 84
HSD SHROUDED PROPELLER TEST

EFFECT OF DIFFUSER (E3) ON SHROUDED PROPELLER PERFORMANCE
SYM RUiNNO. MACH NO. CONFIGURATION 83/4
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IE330590-1IIG8
HSD SHROUDED PROPELLER TEST FG8

EFFECT OF DIFFUSER (E3) ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 HSD ShROUDED PROPELLER TEST FIG.86

ro EFFECT OF DIFFUSER (E3 ) ON SHROUDED PROPELLEti PERFORMANCE
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E330590-1 HSD SHROUDED PROPELLER TEST FIG.87

0 EFFECT OF DIFFUSER (E3 ) ON S HROUDED PRO~rELLER PERFORMANCE
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E33090-1HSD SHRC'UDED PROPELLER TEST FG8

EFFECT OF DIFFUSER ( E3) ON SHROUDED PROPELLER PERFORMANCE
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E330590-1HSD SHROUDED PROPELLER TESTFI.8
EFFECT OF DIFFUSER (E4) ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 FIG. 90
HSD SHROUDED PROPELLER TEST

Ar EFFECT OF DIFFUSER (E4) ON SHROUDED PROPELLER PERFORMANCE
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EY".090-1FIG. 91I HSD SHROUDED PROPELLER TEST
EFFECT OF DIFFUSER (E 4 ) ON SHROUDED PROPELLER PERFORMANCE
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E330590-i FIG. 92
HSD SHROUDED PROPELLER TEST

EFFECT OF DIFFUSER (E4 ) ON SHROUDED PROPELLER PERFORMANCE
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E33090-1HSD SHROUDED PROPELLER TEST FG9

eEFFECT OF DIFFUSER (E4) ON SHROUDED PROPELLER PERFORMANCE
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E309-1 FIG.94

E33090-'HSD SHROUDED PROPELLER TEST G4
EFFECT OF DIFFUSER (E 4 ) ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 HSD SHROUDED PROPELLER TEST FIG.95

EFFECT OF DIFFUSER (E4 ) ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO._TMACH NO. CONFIGURATION 8/

0 539 030 LICIE4 B3 PWTT R, RE 30

A 403

v 541 38

D 543 42 _

904

30 ?t
___ t

44

tO 12 1fH14 4Sl 0 2
ADVNC RAIO,

g-I 1 .1 7-T Il'111. 44 -



E33090-1HSD SHROUDED PROPELLER TEST FG9

O EFFECT OF DIFFUSER (E4) ON SHROUDED PROPELLER PERFORMANCE
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E330590-1I FIG 97
HSD SHROUDED PROPELLER TEST

EFFECT OF DIFFUSER (E4) ON SHROUDED PROPELLER PERFORMANCE0 __
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E330590-1 FIG. 98

HSD SHROUDED PROPELLER TEST
EFFECT OF DIFFUSER (E4) ON SHROUDED PROPELLER PERFORMANCE
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E33090-1HSD SHROUDED PROPELLER TEST FG9
EFFECT OF__DIFFUSER (E 4) ON SHROUDED PROPELLER PERFORMANCE

SYM RUN WO. MACH NO. CONFIGURATIONU.

V 542 040 L IC IE4B PWT Ti R1 RE 38

±1 546 146
1.0 Q 548 

5

0
759 2 3 25 2 9 3

ADAC RATIO'



E33090-1HSD SHROUDED PROPELLER TEST FG 0

EFFECT OF DIFFUSER (E 4 ) ON SHROUDED PROPELLER P!:-RFORMANCE
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. o I

EFFECT OF DIFFUSER (E 4 ) ON SHROUDED PROPELLER PERFORMANCE
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E33090-IHSD SHROUDED PROPELLER TESTFI.0
EFFECT OF__DIFFUSER (E4) ON SHROUDED PROPELLER PERFORMANCE
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E330590-1HSD SHROUDED PROPELLER TEST FG 0
EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 FIG. 104
HSD SHROUDED PROPELLER TEST

x EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 NSD SHROUDED PROPELLER TEST FIG. 105

EFFECT OF 'PROPEL! .ER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 FIG. 106

HSD SHROUDED PROPELLER TEST
EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 HSD SHROUDED PROPELLER TEST FIG.Io7

O EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E33090-1HSD SHROUDED PROPELLER TEST FG 0

EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 109
EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E3501HSD SHROUDED PROPELLER TEST FIG. 110

O EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E330590-1I FIG III

HSD SHROUDED PROPELLER TEST
EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E33090-1HSD SHROUDED PROPELLER TESTFI12
EFFECT OF PROPELLERLOCATION ON SHROUDED PROPELLER PERFORMANCEHw SYM RUN NO . MACF NO. CONFIGURATION -8 4
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 113

EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
r M RUN 010. MACH NO0. CONFIGURATION 3/
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E330590-1 FIGI114

HSD SHROUDED PROPELLER TEST
EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 HSD SHROUDED PROPELLER TEST FIG.115

EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE'0SYM RUN NO. MACH NO. CONFIGUR~ATION 8/
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E33090-1HSD SHROUDED PROPELLER TELST i.1

EFFECT OF PROPELLER LOCATION ON SHROUDED PROPELLER PERFORMANCE
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E33090-IHSD SHROUDED PROPELLER TEST
EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORMANCE
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E330590-1HSD SHROUDED PROPELLER TEST FG 1

EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORMANCE
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IE330590-1 FIG. 119
HSD SHROUDED PROPELLER TEST

EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORMANCE
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E330590-1I 
FIG. 120

HSD SHROUDED PROPELLER TEST
EFFECT OF CHORD__LENGTH ON SHROUDED PROPELLER PERFORMANCE0rX Y RUN NO. MACH NO. CONFIGURATION 83/442A 239 0.20 L-Isc Cjs EISC B3 PNT T, R, RE 20
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E33090-1HSD SHROUDED PROPELLER TESTFI.2

EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 HF N SHROUDED PROPELLER TEST FIG. 122

EFFECT OFCODLENGTH ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 HSD SHROUDED PROPELLER TEST FIG.123

EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORMANCE
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E33090-1HSD SHROUDED PROPELLER TEST FG 2

O EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORMANCE
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'A 586 34

587 38
589 42

, 41 -. 1'4 " - - _

L

0.6 IL

u4-

+74
__ _ __ _ _ __ _ __- ~ Lt.~--

0.

VTT.

0

w06 0801276.8 2

ADVANCERATIO,

L.DS4



E330590-1I FIG 125
HSD SHROUDED PRPELLER TEST

EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO.1 CONFIGURATIONB41

~8 V4
r-688 0.41 j LISCCISC EISC B3 PNT T, RIRE 3

100 --77

F77x 7 V Ji7V
90f

iT7 T A.11~
j() 360Kr' Til80f

UJ T

z~ 60 F-ii-IL~~~~t zi '-k4- l4~

I4

L -7- 7
ii T

u 40! fi' 1
uiI tF~ 3 5 2 9 3

ADACERTIA



E330590-1 H0 SHROUDED PROPELLER TEST FG 2

'fl EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORMANCE

V 588 041NO L IscCIs E:8: PN R IRE4 ::'
594 JXz(ZL I 46

Gl 596 __ _ _ __ _ _ _ 50

*10

80 -

I-F

T7 -4F

'T1

L5 M



E33090-1HSD SHROUDED PROPEL LER TEST FG 2

EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORMAINJCE
SYM RUN NO. MACH NO. CONFIGURATION 8 3/4

Iv 588 0 41 Lisc Cjsc E scB3 PNT Tj 1 RRE 38
~, 594 4 1 16

I_5961_ t iti1AL V

1.0

I~9 I* -F 4

08

4T 4-~ 7I j'B

0.6 L#

0 i_

0.2 1, IRA4TIO, J

LI



E33090-1HSD SHROUDED PROPELLER TEST -RAC I.2

C ~EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORAC

SY RUN NO. MAC4 NiO. CONFIGURATION 0/

b, 595 0 2 LiSc Cisc Eisc 83 PWTTI R, RE 46

S 597 ' ~ I II50
0 598 54i

80 T'l

:d:41 t

T. - I _4 I

'II lit

t j:

60 2426 230 3346

L1



E330590-1 HSD SHROUDED PROPELLER TEST FIG.12~

O EFFECT OF CHORD LENGTH ON SHROUDED PROPELLER PERFORMANCE

IL'SYM RUN NO. MACH NO. CONFIGURATION83/

L 595 052 LIScC C-sc F isc 8 3 P WT., R I RE 4

C 597 == I I IF I _70
o 598fAt

900 __ .1 T41I

-7 Iza L;~~t 4~t.

80 -17 T_ I. -rLI
1~J

T!i".<L

4-. 4.

TIP tt 7:7'J.'L T
I,70*~tII V-4

01 1~~ 4
20 2 24 6 2 30 2 3

ADACwAI



E3501HSD SHROUDED PROPELLER TEST FIG. 130

EFFECT OF CHORD__LENGTH ON SHROUDED PROPELLER PERFORMANCE
SYM IR UN NO. MACH NO. CONFIGURATION ( /

595 0 52___ Lj~ SCj CISC 8 W~ RE 462~~I.-

14 44 A~

T T
IL- 4

T0 -- 4-

4-4-

04

IIL

7T 7
I 1,4

0 

7 -- -7

0 . I c L,

LL



E33090-1HSD SHROUDED PROPELLER TEST FG 3
EFFECT OF INLET VANES ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURAT'ON 8/

E0 306 020 L iC iE iB 3 PWT TIR1REI10  25
A 305 35-

v1 723 1 0.30 38

D 729 tj'1j42I
100 F77T F ---1--- IfLP

Nill

70t T- +

44-Iff
60 4

£ 10 12 .4 .6 .82.02.f~~t. ADANERAIO

L1 4 +4



E330590-1 HSD SHROUDED PROPELLER TEST FIG. 132

EFFECT OF INLET VANES ON SHROUDED PROPELLER PERFORMANCE()SYM RUN NO. MACH NO. CONFIGaJRAW ON 93/4

0 306 020 LCiE iB 3PWT T iR IR E I 25

A~ 305 35 [
v 723 0.30 [ [ [38

j ED 729 ilfl42
L_ -I ! _i I

41 4 -

1IC )1 :, - _: '- - -I t

14, t j!.-

j-20 Ti41t '4

0 4 -- +: rtrv -+t ~ iY
4T t I~,

4 'n



E 330590-1 HSD SHROUDED PROPELLER TEST FIG. 133

F0FT!ECT OF INLET VANES ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONAFIGURATION /

0 306 020 L 1 , E B 3 PWTTIR, REI10  25A305 fr IZILJZZZ3Z
v 723 030 I'1111 38

D 72 .1111142
0.8

f427L 2

P4 44 --h

O 04

0 1 W 4

I'4S

Q 0 1 h Iiifi U1iIL ±I{CT -t.'t--4-
064 081 24 "118202

ADVANE RAIO,4

L.



E330590-1 FIG. 134

HSD SHROUDED PROPELLER TEST
EFFECT OF INLET VANES ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 0314

D 501 040 L iC'E iB3 PWTTi RiRE 1 0 42

L 502 46

C 504 050 50

100 w

T- 1L

90h~

70

I 1 %7

4-1-

3 0

20 1 t

2~ 1274 fl !

C ~~~# 4-~74 II - T,V j0 ~ ~ 14 ----T--i~~it,I~
1.z7 1 12 5 2 9 3

ADVANCERATIO

L4



E330590-1IFGJ3
HSD SHROUDED PROPELL TEST

EFFECT OF INLET VANES ON SHROUDED PROPELLER PERFORMANCE
SFM RUN NO. MACH NO. CONM'URATION 83/4

D 501 :-to LI I E16 3 PWTTI RIRE 1 42

N 502 
46

c 504 0.50 
5

C~728 L L- 54

too - -- ±HtT bf4L- -- > -- 07

1 JJ

E -T

L1 ~ K 4 4I -1 -7-LT

4 fIKLA

LL1

t-r-~. 4444
4

70 K

z~-~: *~i 1 I,

it-4
-- I-- - ITi

_ 1 - jtT 7

1.U719 . . 5 . 93
ADVANE RATO ,



E330590-1II. 3
HSD SHROUDED PROPELLER TESTFI.3

-EFFECT OF INLET VANES ON SHROUDED PROPELLER PERFORMANCE

[SYM RUN NO. MACH NO. CONFIGURATION___

D 501 040 L ICiE 183 PWTTIRRE 1 0  42

L 502 f -I 1 146J

0 504 1050 [J501
0 728 7~ 54 L

10

JAA_

ILI

*. 0 .61 --4 1

a. 41

U04 
r

IL.I

a.

1 4 IV ___1_____

1.5 17 
4. , . . . .

ADANERAIO



E330590-1 HSD SHROUJDED PROPELLER TEST FG 3O EFFECT Orr INLET VANE ANGLE ON SHROUDED PROPELLFR PERFORMANCE
SYM RUN NO. IMACH haO CONFIGURATIONI9~ 9 =1-4

01 314,312 j 005 L C1 E, B 3 PWTT, R, RE1'- 0  125,3511 307,304 1 10iII ojf

__ 308,311 J 10 j** **j

e,/4 =25 034 35

144 _-l

w02w0.62

17--
L0..

0.1 0. i , _t

rr T T' Q

7 , a

77 _7 17--1

0. 5I0.

71

0-1

LL



E330590-1HSD SHROUDED PROPELLER TEST FG 3

EFFECT OF INLET VANE ANGLE ON SHROUDED PROPELLER PERFORMANCE
SYM I RUN NO. IMACH NO. CONFIGURATION 03/4

0 314,312 j005 LICIEIB,3 PWTTIRIREI1- 0  25,35

A307,304 104LL i.
o [308,311 1:10.......

e3/4 25 e3/4 35
u 0.3 --0.

I-.
Zf 4T

4, +

0.6 0 0.

4t 1ir4T
0.51

+ 1'

--,I i t

0.4 O3-

V ILLLLd w

z 1

11 -
-

01 0?2 03 04 01 02 03 041
ADVANCE RATIO, v'



E33090-1HSD SHROUDED PROPELLER TESTPI.Z)
EFFECT OF INLET VANE ANGLE ON SHROUDE,,D PROPELLER PERFORMANCE

L SYM RUN NO. MACH NO. CONFIGURATION

0 315 0.20 L1 C1 Ei B3Pwi-TI R1 RE 1- 0  25

LEl-309 0~f 1 11 1
NOTE '77- OPEN SYMBOLS Cp -SOLID SYMBOLS

10 1.0

-~4 4

TR T

-7f tf- iit

30 03 7 ~~ 1
7L

1j 0 0!

LL



EFFECT OF INLLT VANE ANGLE ON SHROUDED PROPELLER PERFORMANCE
SYM UNN. _MAHNO CONFIGURATION81!

0 315 020 LICI E1 I83 PWrTT RI RE 1-10 25

-. 4-T

90 t j.4 -i7 -74

q 4

K1 411

c 0

I t

'T'L 
-4-

2c 0 I jI
7 , 4

6-10 771

- t

30 - _ _ _ __ _ _ _ _ _

0.6 S 10 12 1 18 0J-
ADACERTI7



E330590-1 HSD SHROUDED PROPELLER TEST FIG. 141

EFFECT OF INLET VANE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SfM RUN NO. MACH NO. CONFICURATION 8/

o 313 0.20 L iC IE IB3PWT T IR IR E 1 0  35

A 305 li 111T
o 310 110

NOTE 7'7 OPEN SYMBOLS Cp SOLID SYMBOLS

100 !0[;~~h'

80 08 9

t' 1 -;T ' .

70 0. 7 -n1u+- ji1-
- ~ 7 0 ,07 L12 I

z 0
L)

... .. 17
50 u 0 5

I'I

u40 01~ 4- - 1 7 --
Lu 0 

-

20 0 2-

10 01.-t17

0 (0 LI 77) 7§:~ ~~i 7 7



E330590-1 HSD SHROUDED PROPELLER TEST FIG. 142

EFFECT OF INLET VANE ANGLE ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 93/

o 313 020 LIC E,8 3 PWTT, RRE 110 35

ZA 305 ZJZ
o 310 110

80 44t~fh i TI

60 z 
.rv

44
.750

30

.1 1.

40 < 4£ 7774

1, -

0.6 0.8 1.0 1.2 L4 1.6 1.8 2.0 2.2
ADVANCE RATIO ,J



E330590-1 HSD SHROUDED PROPELLER TEST FIG.143

EFFECT OF EXIT VANES ON SHROUDED PROPELLER PERFORMANCE

ISYM~ RUN NO. MACH NO.1 CONFIGURATION 0/

10 293 0zo0 L C iE iB P WT TIR IRE V0  25

S 292 3

l::oi
f 1, F

90I 
-*~--

4- 1,1 ,

a0 -- K ,I

7 -7-

417
j 1 4 1< 4pft,

40 I c v 1 1

20 7 7jT ~ 
1

FtK/I Tt
IT t

101

0 .6 0 8 1 0 1 2 1 4 1 6 1 8 ' lw0 2 2
ADVANCE RATIO J



E330590-1 HSD SHROUDED PROPELLER TEST FIG.144

EFFECT OF EXIT VANES ON SHROUDED PROPELLER PERFORMANCE

4SYM RUN NO. MACH NO. CONFIGURATION 03/4

El293 020 LiCiEi 83PWTTIR IREV 25

zi 292 35

100 -
-j: L_

4 :1 L 4

9 0 _L

80 q- -v:11

-f# 4

_0 _L 14

t flb
14-:

z ti
0.q

0.5810 1.2 1.4 4.6 1.2022
ADVANCE RAIO-



E 33090-1HSD SHROUDED PROPELLER TEST I.4

0 EFFECT OF EXIT VANES ON SHROUDED PROPELLER PERFORMANCE

SYM RU NO.MACH W. CONFIGURATION 0

13 29 020 L IC IE IB3 PWT TI R IRE V0 5

IL +~M

0 IT: '--
4

C)L
0+

.2

LU~~ fill i ' H ''~

I 42h
0

06 0 2 1 6 l0 2

ADV NC RA', t --IO - J, _ 1- l;T -t+ ~



E330590-1 FIG 146HSD SHROUDED PROPELLER TEST
EFFECT OF EXIT VANES ON SHROUDED PROPELLER PERFORMANCE

ISYM)_RUN NO. MACH NO._ CONFIGURA~iCN 0

DJ 506 0.40 L1 Ci Ei B3 PWTTI R1 FIEVO 42]
6 507 46

100 -- c~ ~

90

+ 4_

(4 -I

50 t

z 60

(L

4 0 1-II
14~~~~A>~4 sj 4r44 _

0~4 'i4 t 1Tli4I , ,,, I,1.5 4.? 1. . 2327 . .93
ADVACE RTIO+

L1



E330590-1I FIG. 147
HSD SHROUDED PROPELLER TEST

EFFECT OF EXIT VANES ON SHROULDr PROPELLER PERFORMANCE

D 506 4 LI CIEI183 PWTTI R IRE V 0  
42

ts 507 46

100 7 - I 4 ,i

90 
A -- -

80

w 4f,

-- , , .,' I ! I -- - *- f %I..~ 
.Ay.

z }I7~ 2F IIL

w
T1 4

z

1 0
F

F
-- t f-7

3 5 I? 1 2423-. 7 9 3ADACERTI7 T-



E3501HSD SHROUDED PROPELLER TEST FIG.148

I CEFFECT OF EXIT VANES ON SHROUDED PROPELLER PERFORMANCE

SMRNN. MACH NW. CONFIGURATION 1'4
D 506 0.40 LiCiEi B3 PWT TI RIRE V0  42

W~l507 4

-446

J7- +EF 7 7F
I 4

O6fzI 7

w0.6~ 7 _T__
7--+-f77

~ ~7~ 4~KT~it~2 Lf.4

0 iI404 JI
04 --1K
.0.2

~4

4H- LJ'jjjjQ i 71Ffjj _J_________"U
15 17 19 2 23 5 27 29 3

A0AC RTO



E330590-1I FIG 149

HSD SHROUDED PROPELLER TEST

UF EFFECT OF EXIT VANES ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. ICONFIGURATION 83/41

508 050 L, C, ElB 3 PWT 1 R, REV 0  4

100 7 T

90 -- A-

- ~ - :- 7-Z-

80 H ~ Ut> L

4 1 L 2 i-

-4,1

1, _4 riV L7i

41

'T 4044 ~

4~ V I

30 7 '--. 41

4191

LL 01 4 t' 7
LA.I I i I

5.5 5~7 59 223 257 29 3

ADVANCERATIO



E3305i90-1 FIG. 150

HSD SHROUDED PROPELLER TEST

iO EFFECT OF EXIT VANES ON SHROUDED PROPELLER PERFORMANCE

SM RUN NO. MACH NO. CONFIGURATION 8/

L,508 (0.50 LICI E1B33PWTTI R1REV0  46J

505 I 50
100 -7

-4r

80 4- 4_-

70 -4v L '

(L60I L Q 4v;
4:-L

- 50 ;

11 44i 4j
Z +t

L L ~ t 
7 71' -30

II
4 i Ij - f+ , I

I +30 -t T t .~

7j'1



I E330590-IHSD SHROUDED PROPELLER TESTFI.5

IC EFFECT OF EXIT VANES ON SHROUDED PROPELLER PERFORMANCE

SY (RUN NO.MACHNO4.~ CONFIGURATION S9/41

LII 508 050 LICIE1 B3 PWTTI R1REV 0  46
0 505',- 50

1.0 7T-, r----

I I 2i~ 172L
~t~evrj-it y~~Li?:fr~lr7~~~ 17

20.6 ~ ~ 4 44~ ~

ILLI 0~ 42'2~L4U.

1(7 It1 4 *~f~Y~~~~4

0 J'7±'i~ f-

w - 7

012 41,-t1 i

-,n
i0f8

t5 It o9 2A t42 7 9

ADAC RTO



E330590-1HSD SHROUDED PROPELLER TESTFI15
EFFEcr OF EXIT VANE ANGLE ON SHROUDED PROPELLER PERFORMANCE

sy1 iRJN NiO. MACH NO. COWfIGURATION 89

0 300,303 0.05 L IC iE 1 83 PwTR IREV-5 25,351
A 294,29 rvI

E0 295,298 V' 0

00

1,4

4-4#

0.60 ~ ~~ ~~ 0.2i21~;t'_____~
0.2 'T1 14ttt4

.1 _ 01jL i I
0. in

4444.Iia t
0.'FTF Lt 0.6

0.5. - Y>i~ V 0.54

0 7' 02.,I4li 2 03 0



E330590-1 FIG. 15i3HSD SHROUDED PROPELLER TEST
EFFECT OF EXIT VANE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 83/4

o 300,303 0.05 Lic iE IB3 PWT TRIRE V- 5  25,35

S 295298 v

0 295,298 ii H vl

'93/4: 25 83/4:35
0__3 0. --

L) __ .. U 7 Vki

I 0.6 0 0.1ITi~

4E -- 1'4'0jf

1= -ji- ji-Z

0~'r 0~

0.6 p

2v

S0.5 # 0.5i T T

w

00.

z +
LLL

1. 4 lV; I- - ,0.22 0.iz~ ' ~t~~~
4 1+ d- 4,1 'j T

* 0.1

0 0_____

01 0 2 03 04 0.1 02 03 04

ADVANCE RATIO, J



E330590-1 FIG. 154

HSD SHROUDED PROPELLER TEST
EFFECT OF EXITVANE ANGLE ON SHROUDED PROPELLE.', PERFORMANCE0SYM RUN NO. MACH 040. CONFIGURATION 0/

0f 301 020 Ll CIEl B3 PWTTj RRE V-5 25

A 293 11 11 I Ivo
0 296 1V1

NOTE. 77 OPEN SYMBOLS Cp -SOLID SYMBOLS
100 1.0O

90 09~ 4 ~

80 08 3i - -41 .

-T- 1, -4'

70 07 F,4 L4~K

a. - j-,:-4t--. 4I - t
w F

u + ['r4-'-.+ :

50 u. 04'5 4l

w~- -i4 1%-20 02.4 2{.
30 0.3~

20 0.2I 06~~ 080 12 14 168 2



E33090-1HSD SHROUDED PROPELLER TEST FG 5
EFFECT OF EXIT VANE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SYM -RUN 140. MACH4 NO. CONFIGURATION 0/

1 301 020 L1 C1 El B3 PWTTI RI RE V-5  25

A 293 7j77 I H H VO

0~ 296 VIo I

10 0 ------ -

goI. ~ I~i~i
90 _ j

W 60

z

S50 T- -1

w _I

hi t

10~~

rr t--T&

00
0.6 0.8 1.0 1.2 1.4 9.6 18 2.0 2.2

ADVANCE RATIO ,J



E330590- I FIG. 15 6

HSD SHROUDED PROPELLER TEST
AFL EFFECT OF EXIT VANE ANGLE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 83/4

0 302 020 L I CElB 3 PWTT, R IRE 35

16 292 ]7 77 0 1
3J 297 IV' 0

NOTE '- OPEN SYMBOLS Cp -SOLID SYMBOLS
100 10 FF K~I

17 7 .j{: 177V77

90 09 17

-T t

80 08 14~T 1

I - 7 1 "

70 07 ----

C) ~ ~ 60 0 tHl6~-j 4L7
tui I 4;

540 u0- 0 I1

-'ii +7 77

-0 034- J-Ir-
ujt o

Q. I- -

20 0 2i- ViIL ~ I

10 Ok--I I

06 08 1.0 1 2 1.4 16 18 20
ADVANCE RATIO J



E330590-1I HSD SHROUDED PROPELLER TEST FIG. 157

EFFECT OF EXIT VANE ANGLE ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. jMACH NO' CONFIGURATION
'0' 302 0.20 1L IC I EIB3PWTTI R IRE V-5 35/

&A~ 292 L - 1F v-
t [..i297 1__

r4-H

_ _ I; 4p r
__ t

70 H:f - 7

_ ~4W

IIT-

j4 0 It If II ~i+ ~ i;

20 7TjI ~ ;

,

.Ii 41t ~(I

0. 08 10 1 4 161 0 2



E330590-1 HSD SHROUDED PROPELLER TEST FG 5

EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NOL CONFIGURATION 8I
A 175,176 002,010 LICIEI B 3 PR TI R IR E 20

o 177,178 25
O183,182 30

Or 184, 185 35

MACH NO. 0.02 MACH NO. 0. 10
0.3

C71

z0.2 UJ 0.2'

-i -T7 0

0 -0

O0.6 a71170.6

050.5

I- T1 1~

CL

0.2 ~0.

~tt4

0 z

01 023 030.

AUVNC RATIO,

w I



E330590-1HSD SHROUDED PROPELLER TEST _G 5
EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

("SYM RUN NWM MACH NO. CONFIGURATION 03/
A 175,176 0.02,0.10 L1 C,1E,8 3 PR T, R IRE 20

o 177,178 25
0183,182 [L30

_ 1 --84,85 35

MACHI NO. 0.02 MACH NO. 0. 10

:4 z4 t4:H

0 titt

1. ~j ThY,7

w 1

0.
.3

0 0

414t1i;4x 1 441~~ T~lj--

141 --
ADVNC RfIOO 1 020z. . 5 0



E330590-I HSD SHROUDED PROPELLER TEST FIG. 160

EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

iSiM RUN NO. MACH NO. CONFIGURATION 9/

o1 179 0.20 LICIEIB83PftTiRi Rf 25

0 181 1 II-1--I.-.vl IF 30
41 186 1 - fT 135

100 -

90

I--4

tt

30 -

le -h H1 TfLt

4 t-4 I __ I4T<t

0. 0.8_ 10 1.2141 6- 18 $Wo 2.2 ai Tt

M 114



E330590-i FIG, 161

HSD SHROUDED PROPELLER TEST
__EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFCRMANCE

SM RU. i NO. 1MACH NO. CONFIGURATION 93/4!

0 179 0.20 L1 Cl El 83 PR T1 R1 RE 25

0 181 f VTT ] 30
I 186 V f t 35

4-D E .. .

70T

't-

( 60

F4

20

10 ~> I T.

C)4
0.6 0. 10 12 1,4146 1. 20 .J ADACTRTO,

Iu



E330590-1 FIG.162
HSD SHROUDED PROPELLER TEST

EFFECT OF BLADE PLANFORM ON SHR.-OUDED PROPELLER PirVRFORMANCE

SYM IRUN NO. IMACH NO.1 CONFIGURATION 9i

El 179 0.20 L LC E i B 3P R Ti R I R E 25

S 186 t5

Z 0.6
ZO

w
.... ...

0.2

0

IL1



E3501HSD SHROUDED PROPELLER TEST FIG. 163
EFFECT OF BLADEPLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NOCONFIGURATION 3/

e1 449 0.30 LICIE B 3 PR T I RIRE 34
v 450 ]38
D 451__ 42

t, 45 46

I-7 zj(I ~ 0,4,*,..go'K'K

KitK 4j
pp 27

,,~I:%

Li.

%; 4:. I

4 74 7o~~ ~~~ F 11 ~ v~~fJfi4i
z - 'U

60.6 08101214161. .
ADVANE RATO ,



1E330590-1 HSD SHROUDED PROPELLER TEST FIG. 164

EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE
SYM IRUN NO. MACH NO. CONFIGURATION 8/

A 449 0.30 L, C, E IB.5PR T IR IR-3

v 450 3

100 ______U_

j ____ LI v:

80

z44 42+# t

=1 iT: 50 4 4-4 +±f4~

4L 14,

-iE zr- t~t 4 1h14<;jt1

_ t-4 >t 1 t
r60. 0. 10 1. 1 1 L 22

ADVNC RAI J,



E3501HSD SHROUDED PROPELLER TEST FIG.165

EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION /

A1 449 0.30 LI0IEl 863 PFt Tg R1 R E 34

v 450 1 11 38

6 453 46
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0T
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'T~ I
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t004
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W0 8

o 4244

LI04 147
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E330590-1 FIG 166

HSD SHROUDED PROPELLER TEST
jo EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 0314

D 452 040 1_1C 1 ElB 3 PRTI R1 RE 42

L 454 46

O 456 50

0 458 54

-, _4

90 1 t
42 ii~

1.5~~~ ~ J!, .1 2 5 272 .
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E330590-1 FIG. 167

HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 9/4

D 42 040 Lici EtB3 PRTI RI RE 42

L 454 1I 46
c 456 50

0 458 54

100 T ~ ~
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~ h ~.-ITIT 1-L
30 -

20 t K
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~~4 f-702i (_44 4Tj
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E33090-1HSD SHROUDED PROPELLER TEST FG 6
EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 3/4

D 452 040 L IC I E IB 3P RT I R I R E 42

N 454_1_ 1 46
g-o 456 I1 50
0 458 54
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 169

EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE0SYM RUN NO. MACH NO. CONFIGURATION 83/4

D 461 050 L IC E IB 3 P RT I R I R E

1% 455 4

02 457 5

0 460 i f5
100----
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401
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 170

EFFECT OF BLADEPLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH N.CONFIGURATION 8/

D 461 050 L C IEI B 3PR TI RI RE 42

L 455 ( 46

0 460 54100 - 1 [' ~~-
T 4 -1 T 1

1<144

80 1-- 4 4

0

~P 50
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___ 44
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E33090-1HSD SHROUDED PROPELLER TEST I.7l
EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 03/4
D 461 00 L C IE IB 3 PR TI R R E 42

L 455 46

C 457 5

0 460 5
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E330590-1HSD SHROUDED PROPELLER TEST FG 7
EFFECT OF BL~r)E PLAN FORM ON SHROUDED PROPELLER PERFORMANCE

SYFM RUN NO. MACH NO. CONFIGURATION

~ 213,52 002,010 Lf Co El 8 3 pNT T1 R1 R E 20

1214, 55 IfII25Sj215,58 __ _ 30
.Ij 217,219 35
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E330590-1 FIG. 173
HSD SHROUDED PROPELLER TEST

EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 85/4

S213 52 002,010 L I CIE EB 3 PNT T, R, RE 20
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 174

'lo'i EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACN NO. CONFIGURATION 83/4

A 3 .2 LC ElIB 3 PNT T, RIRE 20

8 56 25

O0 57 30

100. - I A 220 
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E330590-1 HSD SHROUDED PROPELLER TEST FIG.175

EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PER FORM NICE

SYM RUN NO. MACH NO. CONFIGURATION 93/4
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E33090-1HSD SHROUDED PROPELLER TEST FG 7

C) EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM *RUN NO. MACH NO. CONFIGURATION 3/4
a~ 53 020 LiCi Ei 83 PNTTI R1 RE 20

o 56 2

o _ _ 57 30

0.8 E71, LTF
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E33090-1HSD SHROUDED PROPELLER TEST FG 7
EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCECSYM RON NO. MACH NO. CONFIGURATION 8/

(> 627 0.31 LI CIE IB 3 PNT TIRI RE 30

A 628 3

100 D 2 631 4

i~ti

90 i

1411

q -Tv+

-21
tTi70l tL 1!1

30 1'7I~L 7 t.;*"

40 w I-
~till''

20 ~ ~~ 1JjV FI42.t t >
50~2i4T~

-T7-
0.6 .8 10 1. 1.416 18 2. 2,

ADVANE RATO , t



E330590-1 HWD SHROUDED PROPELLER TEST FIG. 17 8

low EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE() SYM RUN NO. MACH NO. CONFIGURATION 83/4

0 627 0.1L ICI E IB 3 P11TT1 RIRE 30

A 628 34

v 629 38

D 631 1 142

T- v -4~
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0. 08 10 12 4 1 1822.
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E330590-1 1150 SHROUDED PROPELLER TEST FIG, 179

0 EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

SMRUN No. MACN NO. CONFIGURATION a83/4
0 67 0.31 LCE8Pl jRR 30'

~S __ 28 1 - 1 1j~3...... 34
V 629 38
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E330590-1I FIG 180

HSD SHROUDED PROPELLER TESTOEFFECT OF BLADEPLANFORM ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 81

V 630 041 LICI ElIB5PNT TIRI RE 38

D 63242

L 63546
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E330590-! FIG. 181

HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 63/4
V 630 041 B1C E3 PNT T, R IR E 38

D 632 7 7 ____________ __ 42
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E3501HSD SHROUDED PROPELLER TEST FIG. 182
EFFECT OF BLADEPLANFORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION e 3/
vz 630 041 L IC IE I B 3 PNT TI R I RE j38

D 632 11 1 1 1 1 1 1 1 42
Zl635 1 1I ii 4

0 637 50_j ~$
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 183

g EFFECT OF BLADE PLAN FORM ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION V

L 636 0.52 LIC IE 1 3 PNTTI RIRE 4

ai 638 5
0 639 5

100 4

90
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80; fff

70 +
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 184

EFFECT OF BLADE PLANFORM ON SHROUDED PROPLtLLER PERFORMANCE0Y RUN NO. MACH NO. CONFICURATION 83/4

L 636 052 LI, 1 El B3PNT T, R1 I E 46

1 638 50

0 639 54__
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E330500-1 HSD SHROUDED PROPELLER TESTFI18
EFFECT OF BLADE PLANFORM ON SHROUDED PROPELLER PERFORMANCE
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E330590-1 FIG. 186
HSD S'l)HROUDED PROPELLER TEST

EFFECT OF 4 -WAY BLADES ON SHROUDED PROPELLER PERFORMANCE0Y U O MACH NO. CONFIGURATION 03/4
6 188 ,189 002,0.10 LiC: El B4 PNT T, R, RE 20
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E330590-IHSD SHROUDED PROPELLER TEST FG 8EFFECT OF 4-WAY BLADES ON SHROUDED PROPELLER PERFORMANCE
ArSMRUN NO. MAH NO. CONFIGURATION 03/4

6 188 189 100 0 L1C, E IB 4 PIT T, R. RE 20

MACH NO. 0.2.0 0._MC _N.0.1

w h

ww

0.1 0.3 II

VNC,)

1' 4' VI 0 .2-

0 .102030.0.0506

A0.6C RATO,6



E330590-1 
FIG 188

HSD SHROUDED PROPELLER TEST
EFFECT OF- 4 -WAY BLADES ON SHROUDED PROPELLER PERFORMANCE

Ow.SYM RUN NO. MAH NO. CONFIGURATION 8/

A 190 0.20 L IC IE IB4 PNTTI RIRE 20
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E330590-1 HSO SHROUDED PROPELLER TEST FIG. 189
EFFECT OF 4 -WAY BLADES ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 83/4C)A 190 0.20 Li Ci E i B4 PNTTi Ri RE 20
0 193 I25

S 194 I 30

100 -- - 199l35

L .
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E3501HSD SHROUDED PROPELLER TEST FIG. 190

EFFECT OF 4-WAi' BLADE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. TMACH NO. CONFIGURATION 3/

Ll CO 20 LCE I 4 PNr T, R1 RE 20
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4~ 44
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E33090-1HSD SHROUDED PROPELLER TEST FG 9

EFFECT OF 4-WAY BLADES ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACP NO. CONFIGURATION W
AI 435 0.30 L, CE1 14 PNITT, R RE 3

436 Z'38
D 437 42

S439 j, 46
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 192

EFFECT OF 4-WAYBLADES ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CO~NFIGURATION e/

A 435 030 L, CI ElB 4 PNT TRRE 34
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4
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E330590-1 HSD SHROUDED PROPELLER TEST FIG.193

EFFECT OF 4-WAY BLADES ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 83~/4

435 030 Lt LCI El84 PNT T, RI RE 34
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E330590-1I FIG. 194

HSD SHROUDED PROPELLER TEST
EFFECT OF 4-WAYBLADESON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 01

ClD 438 040 L, C, ElB 4 PNT T, RRE 42
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E330590-1 FIG. 195

HSD SHROUDED PROPELLER TEST
EFFECT OF 4-WAYBLADESON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFICSJRAtION 93/4

D 438 0.40 L, Cl El B4 PNT T, R, RE 42

L 440 II46
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0 444 54]
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E33090-1HSD SHROUDED PROPELLER TEST FG 9EFFECT OF 4-WAY BLADES ON SHROUDED PROPELLER PERFORMANCE
SYM RUN W. MACN NO. CONFIGURATION 

9 /4
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 197

EFFECT OF 4-WAY BLADES ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 03/4
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E330590-1 HSD SHROUDED PROPELLER TESTFI.9

EFFECT OF 4-WAY BLADES ON SHROUDED PROPELLER PERFORMANCE(7SYM RUN NO. MAH NO. CONFIGURATION 8/
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E309- HSD SHROUDED PROPELLER TEST FIG.199

EFFECT OF 4-WAY BLADES ON SHROUDED PROPELLER PERFORMANCE

K 49 RUN NO. jMACH NO. CONFIGURATION
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E330590-1HSD SHROUDED PROPELLER TEST FG 0

EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE
A-SYM RUN NO MACH NO. CONFIGURATION 0W
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E330590-1 HSD S3HROUDED PROPELLER TEST FIG. 201

EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE
SMRUN NO. MACH NO. CONFIGURATION 03/5 4
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E330590-1I FIG. 202

HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE(7SYM RUN NO. jMACH NO CONFIGURATIONJ 03/4
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E330590-1 FIG. 203

HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE
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E330590- 1ol nn.v G *l~'n~ rr~a n-rf* ~~.,..wv,~r ~"-~ FIG 0A4

E33090-IHSD SHROUDED PROPELLER TEST

EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCIF
Amp,_ __ __
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E330590-1 HSD SHROUDED POELR TEST I.0
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

ApSYM 11RUN NO. MACH NO. CONFIGURATION 83/4
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E33090-1HSD SHROUDED PROPELLER TEST I,0
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 8/

0 612 031 L, C, E, B3 P, T2  R, RE 30
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E330590-1 
FIG. 207

HSD SHROUDED PROPELLER TEST

W EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH MO. CONFIGURATION /
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E330590-1 FIG, 208

HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 0314
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E33050- IFIG.209

EFFECT OF BLADE TIP CEREO SHROUDED PROPELLER PERFORMANCE
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E330590-1 FIG210
HSD SHROUDED PROPELLER TEST

EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

SMRUN NO. MACH NO. CONFIGURATION /
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IE330590-1 HSD SHROUDED PROPELLER TEST FIG. 211
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

WI M RUN NO. MACH NO. CONFIGURATION 91
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 212

EFFECT OF 81LADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 83A4
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E3501HSD SHROUDED PROPELLER TEST FIG. 213
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

SYM IRUN NO. MACH NO. CONFIGURATION 9 5
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E330590-1 FIG. 214
HSD SHROUDED PROPELLER TEST

EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE
Al SYM IRUN NO. MACH NO. CONFIGURATION8
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E330590-1 FIG. 215
HSD SHROUDED PROPELLER TEST

EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCEL V RUN NO. MACH NO. CONFIGURATION 03/4_
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E330590-1I FIG. 216

HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO, MACH NO. CONFIGURATION 93/4
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E330590-1 FIG 217

HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PLERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 83/4
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E";3090-1FIG .218
HSD SHROUDED PROPELLER TEST

EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION e9 1
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E330590-1 HSD SHROUDED PROPELLER YEST FIG. 219

EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 8/4
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E330590-1 HSD SHROUDED PROPELLER TEST FIG. 220

EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 9lV4
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E 33090-1HSD SHROUDED PROPELLER TESTFI.21

EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 835/4
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E330590-' FIG222

HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACI' NO. CONFIGURATION
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E330590-1 
FIG. 2? 3

HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 81/4
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E330590-1 FIG.224HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE
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E330590-1I FIG.225

HSD SHROUDED PROPELLER TEST
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE
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E309- S HODD PROPELLER TEST FIG. 226
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPEt .LER PERFORMANCE

SYM RUN NO. MAcH No. CONF IGURATION 83A4
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E33090-1HSD SHROUDED PROPELLER TEST I.2
EFFECT OF BLADE TIP CLEARANCE ON SHROUDED PROPELLER PERFORMANCE

AlSYM RUN NO. MACH NO. CONFIGURATION 9 3/4
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